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ABSTRACT 
Thi research thesis will study the perfonnance of wastewater treatment plant using a 
two-phase continuous flow anaerobic / aerobic treatment plant for the treatment of 
industrial wa tewater from a confectionary factory in Dubai. The treatment design is 
based on anaerobic process under mesophilic (3 1 +/- 2 DC) range where only the heat 
of the inlet and the natural climatic temperature are utilized to maintain the reactor 
operational. An aerobic activated sludge process to achieve the required legal 
standards follows the anaerobic treatment. 
During the anaerobic process, biogas is generated and stored in a coUection chamber 
and linked to an automated flare system. The sludge is digested aerobically and 
passed over a belt fiJter press system for de-watering to a minimum of 25% dry solids 
content. 
In order to accomplish this study, wastewater samples were collected through 
different stages of treatment and at different seasons to investigate any effects from 
the climate changes. Samples were analyzed at UAE University's Central Laboratory 
Unit for VF A, while other parameters, such as BOD, COD, TSS, IDS and oil were 
analyzed at a private laboratory, approved by Dubai Municipality. 
A brief comparison between this two-phase system and a sequential batch reactor 
(SBR) system is made at the end. Although both systems were used in this case for 
treatment of food industry waste, the two-phase system has proved more efficient in 
treating high strength, lower volume wastewater, and required less installation space 
at lower building and running costs. 
The results obtained indicated that the two-phase system under climate conditions is 
especiaUy suitable for the UAE and Middle East climate, since it depends on the heat 
of inlet water and atmosphere. No major variations in the treatment were detected, 
during the 2 years course of study, even though samples were collected at different 
climate temperatures. 
1l 
It might appear that the BR system, which was used to make our comparative study, 
treated to a better standard. This could be partially true, but if we compare the waste 
volume and consistency, the influent quality, costs and space involved with the SBR 
system, the two-phase system served as a much cheaper and as effective alternative 
for treatment. 
Finally, the impact of this research work is expected to be better understanding of 
wastewater treatment and minimization mechanism, which is a rich field for research 
and development in the UAE. This could also serve as a basis foe future studies in 
thjs field, since no major research has been conducted with regard to this subject in 
this country. 
ill 
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As the 2 1  si centurey unfolded, many scientists and politicians have had pessimistic 
iews about the future. Future they predicted to be governed by warefare over water 
and energy rights. From our experience of the Second Gulf War, which is known to 
many as "Energy War" and the current situation in the Gulf, as well as other water 
crisis, such as the one between Libanon and lsrael over Al Wizzani River, and the 
disagreement among Turkey, Syria and Iraq over the use of Tigris River waters, we 
should be concerned about securing and preserving our potable water. 
The United Arab Emirates, due to its desert climate and lack of fresh groundwater and 
su rface waters, has passed several laws aiming mainly at the protection of marine 
waters, because of its importance as a source of desalination water and fisheries. The 
regulations vary from loca� such as the Local Order on the Environment Protection 
Regulations in the Emirate of Dubai which was issued in 1 99], to Federal Laws, such 
as Law o. 25 on Environment Protection and Development which was issued in 
1 999. Both regulations mandate the treatment of wastewater from domestic and 
industrial origins before its relaese into any body of the environment, and impose 
severe punitive measures against violators. 
Lately, many government and private sectors are considering the use of water 
treatment technologies in order to allow recycling of wastewater and reuse for 
different purposes. Dubai Municipality for instance, uses the treated sewage water to 
irrigate 1 00% of the city's landscape. Many private companies operating in the UAE 
in general and Dubai in specific, that generate a considerable amount of wastewater 
have provided their own treatment plant in order to comply with government 
regulation andlor to conserve water. 
Wastewater treatment can be carried out under aerobic conditions with aerobic 
bacteria, or under anaerobic conditions with acidogenic and methnogenic bacteria. 
Currently, there are many aerobic treatment methods such as: 1) Lagoons and 
stabilization basin that are used for organic wastewater treatment where sufficient 
land area is available and where groundwater pollution from toxic organics or heavy 
metals is not an issue; 2) Aerated lagoons which are deep basins (8-16 ft) equiped 
with air diffusers for oxygenation; 3) Activated sludge process which converts soluble 
and insoluble organics in wastewater into microbial suspension that is settleable for 
separation; 4) Trickling filters that are packed beds of media (usu sally with plastic) 
covered with slime growth over which wastewater is passed for organic matter to get 
removed by biological tilm; 5) Rotating bilogical contactor which is a large-diameter 
p Ia tic media installed on a horizontal shaft in a tank. The contactor is 40% 
submerged in wastewater and rotates slowly carrying a film of wastewater through the 
air, resulting in oxygenation and neutrient transfer with the slime build-ups on the 
shaft 
The anaerobic treatment methods have also evolved to cover different treatment 
techniques, such as: 1) Anaerobic filter reactor which can be operated upflow or 
downflow accommodates the growth of anaerobic microorganisms on a packing 
medium, retaining biological soLids and allowing solid and gas separation; 2) 
Anaerobic contact process allows the separation and recirculation of seed organisms, 
and requires a process operation and retention time of 6-12 hours; 3) Fluidized-bed 
reactor (FBR) requires wastewater pumping upward through a sand bed that retains 
microbial growth, while effluent is recycled for mixing with the feed' 4) Upjlow 
anaerobic sludge blanket (VASB) intakes the wastewater from the bottom of the 
reactor and flows upward through a blanket of biologically formed granules which 
consumes the waste, raising biogas to the gas dome and liquid is sent for separation; 
5) ADI-BVF process is a low-rate anaerobic process with intermittent mixing and 
sludge recycle, and it consists of a reaction zone at the inlet and a clarification zone at 
the outlet (Eckenfelder, 2000). 
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The anaerobic process has proved advantageous over aerobic process in treating toxic 
waste or high load organic wastewater, and yields considerably less sludge, since part 
of the rganic load is converted to biogas. The main advantages of anaerobic 
treatment proce over aerobic process are: 1 )  Anaerobic treatment has proved more 
effective in treating high strength and toxic inustrial waste over any aerobic processes; 
2) Anaerobic treatment is used as a pretreatment step to aerobic in order to control 
odors and reduce the cost of final treatment; 3) It usually requires less space, 4)  
Allow biogas eparation which can be used for energy production, as well as reduing 
the fmal sludge volume. 
The main objective of this thesis is to study the performance of a two-phase treatment 
plant, operating under climate conditions, in the treatment of wastewater produced 
from a con fictionary plant. The wastewater is generated as a result of washing 
moulds, utensils, and mixing vessels, and discharged at a rate of 50-150 m3/d. The 
plant under study is a two-phase plant that consists of a continuous flow anaerobic 
treatment plant followed by aerobic (activated sludge) polishing phase. Biogas is 
collected from the anaerobic phase and flared. The effluent water is currently treated 
to sewer water standards and tankered to sewage treatment plant for further treatment 
before use for irrigation. The sludge is 100% organic and is sent to municipal land fill. 
Wastewater from different treatment stages is collected and chemically analyzed in 
UAE University'S central laboratory unit. Comparative analysis results were obtained 
through the company from a private laboratory in Dubai. 
In order to provide beneficial references to this study, the second chapter of this paper 
provides a literature review of many di fferent types of treatment plants treating 
various types and volumes of waste under di fferent conditions. Furthermore, a 
description of the wastewatwer treatment plant is presented in chapter 3 .  While in 
chapter 4, a comparison is made be tween our two-phase plant and a sequential batch 
reactor (SBR) plant treating a food cooking and canning industrial waste in Dubai. 





Treatment of organically polluted wastewaters has been carried out smce the 
beginning of this century in so-called conventional biological treatment plants. The 
basis of these plants is the aerobic flocculated active sludge process. Over the past 
few decades, there has been an enormous expansion of the industrial activity and 
population density leading to the enhanced use of these conventional processes near 
large popUlation centers. This development has led to an ever-increasing awareness 
of the many inherently negative aspects of these conventional processes ( Heijnen et 
a I., 1 990). Conventional treatment plants have been reported to suffer from the 
following problems: 
Their large space requirement, 
Emissions into populated environment from large open reactors 
Low process efficiency, 
Large surplus production and energy consumption, 
Low sludge concentration, and 
Poor sludge settling. 
Many researchers have focused their attention on the development of anaerobic 
industrial wastewater treatment processes to comply with the new regulations and to 
preserve our environment. Many processes have been covered in the literature (for 
instance, Metcalf and Eddy, 1991, Barber and Stuckey, 1 999, Lapara and Alleman, 
1 999 Ellis et a I., 2002, Grismer et a I., 2002). Anaerobic process is one of the oldest 
processes used for stabilization of sludge and industrial wastewater with high and low 
organic strength (Riffat et aI., 1 998, 1999). This process is becoming a proven 
4 
techn logy and has gained a lot of considerable importance in the last two decades 
( tronach et aI., ] 986; Fernandez et aI., 1995; Switzenbaum, 1995; Hulshoff et al. 
cited in Punal et aI., 2 002) .  Riggle (1996) reported that "in the area of industrial 
a tcwater treatment alone, more than 600 vendor supplied ystems are operating or 
under construction throughout the world: 44% in Europe, 14 % in North America, and 
a considerable number also in Asia and South America". Anaerobic is used as a 
pretreatment step, for instance, at municipal wastewater treatment facility to control 
odor, and reduce the cost of final treatment. 
In  the anaerobic process, the organic material is converted biologicaUy to a variety of 
end products including methane (C�) and carbon dioxide (C(h). The process is 
carried out in airtight reactor. There are similarities between aerobic and anaerobic 
systems related to process kinetics and material balances, but certain basic differences 
require special consideration (Eckenfelder, 2000) . The conversion of organic acids to 
methane gas yields little energy; hence the rate of growth is slow, and the yield of 
organisms by synthesis is low. The kinetic rate of removal and the sludge yield both 
are considerably less than in the activated sludge process. Figure (2.1) shows the 
more common processes now muse. 
2.2 Types of Anaerobic Processes 
The anaerobic wastewater treatment IS completed in two stages: 1) hydrolysis­
acidification (acidogenesis), in which organic suspended solids are broken down to 
volatile fatty acids (VF A) such as acetic, propionic, and butyric acids; and 2 )  
acetogenesis-methanation (methanogenesis) in which VFA is converted to methane 
gas. These two stages can be carried out in one reactor as a single-phase process, or 
separated in two reactors as a two-phase process. A study by Borja and Banks (1995) 
on single-phase and two phase anaerobic reactors treating ice-cream manufacturing 
wastewater concluded that separating the degradation phases can improve the process 
performance increase biogas yield, and achieve better system stability. 
In the above study, during experimentation of the two-phase reactor, the 








Downflo", packed bed 
Gas 
Upflow anaerobic 
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with aerobic polishing 
Figure 2. 1 Typical reactor configurations used in anaerobic wastewater 
treatment (Speece 1 983, cited in Metcalf and Eddy 1 99 1 ) 
effluent used to maintain the methanogenesis phase at an HRT of 1 day. Once 
per day, each reactor was thoroughly mixed and allowed to settle before 
feeding the reactor again. The results obtained for the two-phase system are 
shown in Table (2. 1 ) . For one phase digestion system, the operational HRT was 
1 and 1 .3 days at 3SoC, and using the batch feed system identical to that for the 
two-phase system. The resuhs of this experiment are shown in Table (2 .2) .  
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Table (2 .1 ) Performance of two-phase digestion ystem at an HRT of 1.3  days (Borja 
and Banks, 1995). 
Operating Conditions 
Loading rate (g COD/LeI) 
C� production rate (L C� 1Ld) 
C1-.4 ieJd (L C1-.4 / g COD added) 




VFA (total as acetic) 
Acetic Acid (mgll) 
Propionic Acid (mgll) 












Methane Phase Total System 
5 .0 4.0 
1. 53 1 .02 
0.305 0.345 
64 





2 5  2 5  
Table (2.2) Performance of one-phase digestion system at an H RT o f  l .3  days (BOIja 
and Banks, 1995). 
Operating Conditions & Results Id 13d 
Load ing rate (g CODILd) 5.2 4.0 
CI:--4 production rate (L C� 1Ld) 1.06 1 .40 
CRt yield (L C1-.4 / g COD added) 0.205 0.305 
C� content (%) 60 61 
Effluent Characteristics: 
PH 6 .9 7.1 
COD (gil) 0.6 5 0.45 
YFA (total as acetic) 205 130 
Acetic Acid (mgll) 105 70 
Propioruc Acid (mgll) 85 45 
Butyric Acid (mgll) 45 20 
7 
Two phase systems are especially suitable for wastewaters with high concentrations 
of organic uspended olids, ince they could be degraded to Volatile Fatty Acids 
(VF A) in the first reactor by hydrolytic and acidogenic bacteria and finalJy converted 
into methane in the econd reactor (Mata-Alvarez, 1987). The fmal distribution of the 
VFA generated depends mainly on the nature of the substrate and the operational 
conditions, especially pH (Breure et aI., 1984; Breure and Van Andel, 1984). 
Other studies (for instance, Dinopoulou et at, 1988; Alexiou et aI., 1994; Speece, 
1996 Azbar and Speece, 200]) have been conducted on single and two phase 
anaerobic reactors treating wastewater from food industries with high contents of 
organic solids and protein discovered several advantages of the two-phase process 
over single-phase process, such as: i) better control of both acidogenesis and 
methanogenesis steps ii) smaller reactor size, iii) higher SS removal efficiency, iv) 
enhancement of acidogenesis microorganisms growth without the disruption of 
methanogens, v) higher methanogenesis specific activity in the second reactor, and vi) 
the ability to remove toxic substances for methanogens formed in the acidogenesis 
phase by inserting an intermediate step. 
The disadvantages of a two-stage process are higher investment for building a second 
reactor and poor granule formation in methanogenesis sludge bed reactors treating 
acidified wastewater (Guerrero, et aJ., 1999). 
23 Process Microbiology 
Eckenfelder (2000) reported that in anaerobic fermentation, roughly four of 
microorganisms sequentially degrade organic matter. First, hydrolytic microorganisms 
degrade polymer type material such as proteins and polysaccharides to monomers. 
l is reduction results in no reduction of COD. These monomers are then converted 
into volatile fatty acids (VF A), for instance, acetic, propionic, butyric, valerie, with 
small amount of hydrogen. econd, acetogenic microorganisms convert all acids 
higher than acetic acid into acetic acid and hydrogen. The conversion of propionic 
acid is: 
8 
Mcthan genic organi ms convert acetic acid and hydrogen into methane. 
Acetic acid : C2H402 � CO2 + CH4 
CH3COO- +H20� CH4 + HCO; 
IIydrogen: HCO; + 4H2 � CH� + OH- + 2H20 
Figure (2.2) demonstrates the three stages of methane fermentation. There are two 
methanogens that convert acetate to methane, namely Methanothrix, and 
Methanosarcma. Speece ( 1996, cited in Eckenfelder, 2000) has reported that if traces 
of nutrients, for in tance, iron, cobalt, nickel, etc, are available in highly loaded 
systems, Methanosarcina will predominate, with higher specific activity, 3 to 5 times 
as high as Methanothrix, and for a low steady state acetate concentration 
Methanothrix will predominate. The dominance of scavenging bacteria such as 
Methanosaeta was experienced with treatment of low strength wastewater m 
anaerobic baffled reactor (ABR). Barber and Stuckey (1999) concluded that no 
significant change was found in the population of acid producing bacteria down the 
length of a reactor treating dilute milk, which is an indication of low population 


















Figure 2 .2 Three stages of methane fermentation (Eckenfelder, 2000) 
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Zehnder et al. ( 1982, cited in Eckenfelder, 2000) found that the optimal methanogen 
growth and the specific rate of methane production required between 0.001 and ] mgll 
sulfur as . The kinetic relationship commonly employed for anaerobic degradation is 
the Monod relationship: 
dS kmaxSX 
dt (2.1 ) 
where dS/dt = substrate utilization rate mgl(l.d) 
kmax = maximum specific substrate utilization rate, g COD/(g VSS .d), 
S = effluent concentration, mg/l, 
X = biomass concentration, mg/l, 
Ks = half saturation concentration, mgll 
Typical values for the coefficients in anaerobic systems (Eckenfelder, 2000) 
Temperature, °c Kmax dol Ks,mgll 
I--
35 6.67 164 
25 4.65 930 
20 3.85 2 130 
For every I lb (0.454 kg) of COD or ultimate BOD removed in the process will yield 
5.62 ft3 (0.16 m}) of methane at 0 °c and 6.3 ft} C� at 35 °c (Eckenfelder, 2000). 
The quantity of cells produced during methane fermentation will depend on the 
strength of the waste, the characterization of the waste, and the retention of the cells in 
the system. As in aerobic system, a percentage of the cell produced will be destroyed 
by endogenous metabolism. Figure (2.3) depicts the variation of biological solids 
production versus solid retention time for different substrates in methane fermentation 
process. Sirn ilar to aerobic relationships that presented in many papers and textbooks 
(for instance Metcalf and Eddy, 199 1, Eckenfelder, 2000), the following 
relationships, that obtained by McCarty and Vath ( 1962, cited in Eckenfelder, 2000), 






8 0-0. Fauy acids , 0 0 0 0 � 
0 10 20 
30 
Biological solids retention lime (d) 
Figure 2.3 Biological solids prod uction resu lting from methane fermentation 
(EckenfeJder, 2000) 
2.3. 1  Microbial Strain Isolation 
The study by Ishino et aL ( 1998) of methanogeneic archaeon bacteria revealed that the 
organism has only one DNA poJymearse gene. Studies also demonstrated that 
methanogenesis involve common genes. Westlund et al. (1998) identified the 
filamentous organism Microthrix parvicella as a causative agent of foam ing in 
anaerobic d igesters. Thirteen different species of bacteria were identified, when the 
formation of biofilm and temporal change in bacterial composition at d ifferent sugar 
concentrations was conducted in an anaerobic fluid ized bed reactor. Strains of 
Acinetobacler isolated from treatment p lants with enhanced bio logical phosphate 
removal showed no uptake of acetate or release of phosphate under anaerobic 
conditions. Researchers have also identified that the mesophilic, anaerobic, gram­
negative bacteria SBl64P 1 as the first bacteria to grow by d isproportioning of 
inorganic sulfur com pounds (Riffat et aI., 1999). 
2.3.2 Sulfate Reducing and Metbanation Bacteria 
Sulfate containing wastewater under anaerobic conditions showed that both 
propionate and ill/C02 were completely uti l ized by sulfate reduc ing bacteria, whi le 
methanogens outcom peted the sulfate-reducers for acetate. A consortium of 
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methanogenic and sulfate reducing bacter ia were found responsible for net oxidation 
of methane under anoxic conditions. Large sulfate loadings have been found to 
reduce the microb ial activity in terms of methane production and sulfate reduction 
rates (Riftilt et aI., J 999). 
2.4 Influence of Operational Parameters on Reactor Performance 
Operational parameters have major effects on the overall reactor performance. The 
main operation conditions, which are monitored, are pH, temperature, and hydraulic 
retention time (HRl) (Guerrero et aI., 1999). These three factors affect solid 
separation, bacterial action, and biogas production. The effect of some of these 
parameters is covered in detail below. 
2.4.1 Hydraulic Retention Time (HRT) 
A study on Anaerobic Sequencing Batch Reactor (ASBR) treating synthetic non-fat 
dry milk at different HRTs (48, 24, and 12 hours) indicated that the COD removal was 
particularly good at the COD loads of 2 to 8 g/L.d, and reduced slightly at the COD 
loads of 10 and 12 g/L.d at an HRT of 12 hours. On the other hand, the granulation 
process and increase in particle size were affected positively by reducing the HRTs 
from 48 to 24 and then to 12 hours (Sung and Dague, 1995). 
The effect of HRT on the Total Organic Carbon (TOC) removal and nitrobenzene 
conversion to aniline was observed under aerobic treatment conditions. The results 
indicated that TOC removal in the acidogenesis stage increased by increasing the 
HRT. The effect of increased HRT on nitrobenzene conversion was obvious at 
nitrobenzene concentrations higher than 102 mg/L, and the conversion rate remained 
unchanged at lower concentrations (Ng et aI., 1999). 
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2.4.2 Hydraulic Loading Rate (HLR) 
Hydrau lic load ing rate ha to be established for each reactor in order to avoid total 
reactor failure. Experiments on down-flow stationary fixed ftlm reactors (DSFF) 
treating bean blanching waste ind icated that when HLR increased threefold to (30 kg 
CODI m3/day), the tota l reactor failure was evidenced by a complete loss of COO 
conversion efficiency, a sharp raise in volatile fatty acids (VF A), a decrease in pH (to 
pH 5 .4), and sharp drop in methane production rate (Du ff and Kennedy, 1982). They 
concluded that thermophi l ic DSFF reactor is less stable under overloading conditions 
than of mesophil ic reactor. 
2.4.3 Organic Loading Rate (OLR) 
Studies on the effect of organic loading rate (OLR) on the efficiency of the COD 
removal in Fluidized Bed Reactor ( FBR) and Anaerobic Fi lter (AF) were performed 
by a number of researcbers. The results indicated that stationary packed bed, with a 
corrugated plastic support, operated under stable conditions at organic loading rates 
around 20 kg COD m -3 d-l gives maximal total COD removal of 76% at OLR of 6.29 
kg COD m-3d-l. The anaerobic fi lter, with an open pore sintered glass support gives a 
total COD removal of 84% with an OLR around 12.5 kg COD m-3d-'. The flu id ized 
bed reactor, operated on open pore sintered glass med ia, gives a total COD removal of 
96% at an OLR of 5.88 kg COD m-3d-' (perez et al .  1998). 
Duff and Van Den Berg (1982) experimented on the effect of effluent concentration 
on OLR in a down-flow stationary fixed film reactor (DSFF) treating a h igh protein 
fish processing waste. They concluded that once an active b iofilm was developed in 
the reactor, a high steady state loading rate cou ld be maintained at short HRT, without 
affecting the reactor stabi lity. At OLR of 1 0  kg CODI m3/day or h igher, the COD 
removal efficiencies up to 90% were achieved. When the reactors were fed with a 
more d ilute waste (6 kg COOl m\ simi lar OLR (10 kg COOl m3/day) values were 
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achieved, but affected negatively the COD conversion effic iency, and as a re ull, the 
volumetric methane production decreased. 
Du ff and Kennedy ( 1982) experimented on the effect of organic overloading on DSFF 
u ing bean-blanching waste as substrate. They found that DSFF reactors were able to 
recover from loading rates of 20-30 kg CODI m3/day for a 24-hour period, but failed 
to recover when the OLR was increased to 35 kg CODI m3/day. At this OLR 
concentration, the COD removal efficiency was lost, VF A levels increased, pH 
dropped to 5 ,  and methane production rate decreased sharply. Furthermore, they 
concluded that thermophi l ic DSFF reactor is slightly more stable under orgaruc than 
hydrau lic overloading conditions, possibly due to the increase in alkalinity associated 
with higher feed strength. 
The removal efficiencies of two Anaerobic Filter (AF) laboratory reactors under 
d ifferent OLRs were stud ied. One treating soybean waste ( LSB) packed with a soft 
fibrous media and maintained at 35°C in a wooden box, and the second treating 
munic ipal wastewater (LMW) fil led with cylindrical plastic rings with a specific 
surface area of220 m2/mJ and maintained at an average temperature of 24° C. The 
removal efficiencies of both LM W and LSB anaerobic ftIters changed with the OLR 
under all operational phases. The general trend was that the greater the OLR, the 
lower the COD removal.  This indicates that the OLR controUed the anaerobic filter's 
performance ( Wilson et aI., 1998) .  
2.4.4 Temperature 
Anaerobic systems are classified based on the temperature they operate on into two 
categories: 1) mesophilic, with a reactor temperature around 31°C +1-2 (Sivanthu and 
Kasturi Bai, 1998; Tay and Zhang, 2000); and 2) thermophi l ic, with m icroorganism 
multiplying at a temperature greater than 55-60 °C. Wastewater treatment specialists 
define thermoph ilic treatment as a treatment process taking place at a temperature of  
45 °C or higher ( Lapara and Al leman, \ 999). 
14 
There is always an optimum temperature range for a particu lar waste in anaerobic 
d igest ion system . Experiments on anaerobic treatment of industrial wastewater 
containing organic solvents ind icated that once a su itable bacterial popu lation is 
e tablished, anaerobic d ige tion proceeds equal ly wel l  at temperature ranges between 
25 to 40 °C inc lusively, provided that the popu lation is maintained at the temperature 
to wh ich it was adjusted . An optimum tem perature for the anaerobic digestion of iso­
propanol was determ ined at 35° C as at this temperature the higher value of the 
maximum spec ific growth was determ ined (Terzis, 1994). 
The temperature effect was studied on the degradation of 2,4,6-trich lorophenol using 
anaerobic-aerobic treatment, operating in batch and continuous mode based on 
M ichaelis-Menten k inetics. It was found that when temperature was maintained at 
19° C, it took 70 hours for the degradation process to start. The dehalogination 
process increased significantly when temperature of the reactor was raised to 30° C 
(Armenante et al., 1999). 
High temperatures may have detrimenta l.  effects that are d isruptive to the treatment 
process. For instance, it reduces the surface tension of water, lead ing to foaming 
nu isance and process instabi l ity. But at thermophi l ic temperatures, foaming may also 
indicate high cel l concentrations (Lapara and A l leman, 1999). 
The thermophi l ic reactor is usual ly less stable than mesophil ic reactor due to higher 
susceptib i l ity to temperature change and recovery from feed interruptions or shock 
loading. H igher temperatures in a thennophi l ic reactor lead to more fractions of free 
ammon ia, which may have a toxic effect on the methanogenic bacteria (Guerrero et 
al., 1999). Raising the temperature of a fu U-scale reactor to 45°C or higher can be a 
chal lenge, especially during cold seasons. To save the cost of preheating, the 
fol lowing conditions can achieve free heating: (1) h igh strength wastewaters suitable 
for autothermal operation, (2) high temperature wastewaters, (3) locating the reactor 
under d irect sunljght or where an excess heat is avai lable, (4) burning of the methane 
produced from anaerobic d igestion for heating the influent water. The m inimum 
amount of COD removal for autothennal thermophi l ic operation is around 20,000-
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25,000 mgll. Treat ing a waste with COD above 30,000-40,000 mgf!, combined with 
aeration system s with high oxygen transfer efficiency may lead to steady state 
temperatures exceeding 65-70 Dc. ince these high temperatures are approaching the 
maximum tolerable for thermophilic bacil l i, efforts must be made to avoid such 
extreme temperatures (Lapara and A lleman, 1999). Recently, Ahn and Forster (2002) 
concluded that treatment of wastewater from paper mil ls using anaerobic d igestion in 
the thermophil ic range has distinct advantages over the same process in the 
mesophj lic range. But, they recommend further econom ic study to be done before a 
fIrm recom mendation can be made. At the same time, Yu et al. (2002) presented 
similar study on two anaerobic acedogenic reactors, one mesophilic (37 °C) and one 
thermophil ic (55  0c) using synthetic wastewater with d ifferent orgaruc loading 
consisting of carbohydrates, fates and proteins. The degree of acidogenesis is 
decreased by increasing OLR, whjle no difference was noticed between the two 
reactors for the COD reduction, and the degree of acidification at any given OLR.  
However, the thermophilic reactor had a higher substrate degradation rate biogas 
production rate and specific VF Nalcoh01 production rate than mesophilic reactor. 
2.4.5 pH 
The pH of the reactor is one of the major parameters affecting anaerobic treatment. 
The effect of the pH on degradation of 2,4,6-trichlorophenol using anaerobic-aerobic 
treatment, operating in batch and continuous mode, based on Michaelis-Menten 
kinetics was stud ied. The resu lts indicated that when pH of the aerobic process was 
maintained at 6.5, 7.8, and 9.5 no degradation took place. Degradation of 2,4,6-
trichlorophenol was observed when the pH of the reactor maintained in the range of 7 
to 7.5 (Armenante et aI., 1999). In methanogenesis phase of the anaerobic treatment, 
at h igh reactor pH ( 8), a short sol id retention time, and at the presence of substantial 
popU lation of sulfate reducing bacteria (SRB), the time required for acetate util izing 
SRB to out com pete the methanation bacteria ( M B) is reduced (Riffat et aI., 1999). 
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2.4.6 Toxicity and Inhibition 
tudies on continuous anaerobic d igesters treating cattle slurry and ftsh offal ind icated 
that long chain fatty acids cause a digester failure. Six percent fish offal can cause a 
signiftcant disruption of d igester performance. Sulfide concentration of 1 00 mgfl 
inhib ited reaction in continuous-flow fIXed ftlm reactor, and reaction was im proved 
by stripping sulfur from the system. Using a specific toxic ity, a toxic ity h jerarchy of 
Zn: Cr: Cu: Cd:  Ni :  Pb in anerobic d igestion processes was prod uced. The effect of 
su lfide addition on Cu inhibition in methanogenjc reactors using acetic acid as an 
electron donor and electron source revealed that the addition of sulfide before 
exposure to Cu reduces recovery time (Codina et aI., 1998). Experimenting the effect 
of 4 c lasses of organosu lfur on anaerobic d igestion indicated that 5 mmollL of 
thiophenes and th iols inhibited methanogenesis (Londry and Soflita, 1998). 
Nitro-compounds, such as 3-nitropropionate and n itrate, reduces the production of 
methane by rum inal bacteria. Heavy metals, such as Cu, N� Zn, and Pb, were found 
to reduce COD removal in UASB reactors. Pb had the greatest effect on acidogenesis 
and methanogenesis. Testing the toxicity of formaldehyde to anaerobic degradation 
of glucose in batch reactors revealed that 300 mg/L of formaldehyde caused a 50% 
inhibition (Riffat et aI., 1 999). 
The experiment on degradation of 2,4,6-trich lorophenol usmg anaerobic-aerobic 
treatment, operating in batch and continuous mode, based on Michaelis-Menten 
kinetics, ind icated that at low 2,4,6-tricWorophenol concentrations of 40- 15 M no 
dehalogination inhibition or toxic ity effects were observed. Total inhibition occurred 
when the concentration was raised to 908 M (Arm en ante et aI., 1999). 
2.4.7 Addition of Anti-Inhibition Material 
Ammonia inhibition of anaerobic thermophilic CSlR treating swine manure, taking 
into account the sulftde inhibition effect was experimented by Kaare et al .  ( 1999). 
Different m ethods for improving biogas yield were examrned, such as addition of 
activated carbon ( AC), glauconite, and bentonite bound oi l  (BBO), and sedimentation 
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of the biomass and particles within the reactor. In  the batch experiment the addition of 
AC 2.5% (w/w) or higher reduced inhibition. Addition of 0.5-1.0% (w/w) doubled 
the methane yield, but reached 10% of 80 after 68 days. AC did not adsorb ammonia, 
in e no significant change in pH and ammonia was observed at the end of the 
experiment. Addition of 23 gS2-1l or higher sulfide resulted in inhibition, and the 
methane production decreased from 165 mVg-VS with 10 gS2-1l to 100 and 62 mVg­
VS with 23-36 gS2-1l. Sulfide inhibition could be counter acted by the addition of AC 
or Fe2+, and adding a combination of AC and Fe2+ did not further increase biogas 
production. 
In the CS1R experiment, increasing the HRT increased the methane yield from 1 02 to 
182 ml CH4/g-VS. Addition of 1 .5% (w/w) AC or 1 0% (w/w) glauconite increased 
the steady state methane yield by 88% or 34% respectively, compared to that of the 
thermophilic control. upplying the AC reactor after 72 days with glauconite 
increased the steady state methane yield 19 1 % compared to the thermophilic control. 
Several methods for increasing the methane yield of inhibited reactors are: increasing 
the HRT, sedimentation of the biomass/particles within the CSTR, addition of AC, 
glauconite, or methanogenic granules. The above experiment could confirm the 
previous fmdings that inhtbition by ammonia is counteracted with addition of BBO. 
Addition of AC leads to: 1) removal of most of the soluble sulfide form 36 mg-SII to 
<2mg-SIl; 2) decrease in acclimation time of the anaerobic process; and 3) creation of 
an immobilized matrix for bacteria (Kaare et aI., 1 999). 
The degradation of phenol, with and without glucose as a co-substrate using batch 
and continuous reaction using anaerobic sludge blanket (UASB) was experimented. 
The substrate was an aqueous solution of 50,000 mgll pheno� prepared from pure 
crystal phenol. At phenol concentration of 420 mg/\, the addition of 500-2,000 mgll 
of glucose enhanced the degradation rate. On the other hand, 4,000-8,000. mgll 
glucose supplies delayed phenol degradation due to overloading the bacteria with 
food. At phenol concentration of 840 mgll and 500-2,000 mg/l glucose supplement, 
the phenol removal rate was higher (Tay et aI., 200 1 ). Butyric acid ( Hbu) is better 
digested by methanogens during anaerobic digestion in the presence of heavy metals 
such as Mn, Zn, N� Fe, and Cu (Riffat et aI., 1999). 
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2.4.8 Food Microorganism Ratio ( F: M) 
tudie on factor affecting solid separation and performance of Anaerobic 
equencing Batch Reactor (A BR) ind icated that food : microorganism ratio (F:M) 
affects bio-flocculation in a way that at low F:M ratios, the b iomass flocculated well 
and ettled rapid ly, mak ing the reactor effluent low in SS. Lower F:M ratio can be 
achieved by two ways: lowering the food concentration or increasing the m ass of 
microorganisms ( ung and Dague, 1995). 
2.4.9 Effluent Recycle 
In general, recycling the effluent in anaerobic treatment systems  tends to reduce the 
removal efficiency, since the reactor approaches complete m ix and decreases the mass 
transfer driv ing force for substrate. Nevertheless there are some advantages as well 
as d isadvantages to effluent recycl ing. The advantages of effluent recycle are: (1)  
recyc ling 20% of the effluent lead to 30% increase in  the methane yield; (2) reduce 
the problems associated with low pH caused by h igh levels of volatile acids; (3 )  
d iscourages growth of gelatinous bacteria at the reactor inlet; (4) di lution of  toxicants 
and reduction of substrate inhibition (Barber and Stuckey, 1999). 
Some d isadvantages of the effluent recycle are: ( 1) encourages solid loss; (2) the 
amount of dead space doubled to 40% when the recyc le rad io was increased from zero 
to 2; (3) increase in sludge volume index has been reported when recycle used with 
anaerobic filters; (4) benefits associated with the separation of acidogenic and 
methanogenic phases are lost ( Barber and Stuckey 1999a, b). 
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2.5 Modeling 
The most u efu l  tool for designing anaerobic treatment systems and assessing their 
performance i a mathematical model. Numerou mathematical models for anaerobic 
filters have been cited by Wi lson et aI., 1 998, such as Performance Curve Fits (Young 
and Dahab 1 983), Mechanistic Models ( Bhadra, 1 984, and Lindgren, 1 983), Steady-
tate (Kanaki and Matsu, 1 985, and Mosey, 1 983), Models and Dynam ic Models 
Incorporating De criptions of Substrate Diffusion through the BiofIlm (Annachhatre 
and Khanna, 1 990' Wil l iamson and McCarty, 1 976' and Suidan and Wang, 1 985) .  
Ai l  these models assume either an ideal continuously stirred tank reactor (CSTR) or 
ideal plug-flow. 
Mathematical modeling is made compl icated by several factors, some of which are: 
( l )  the complexity of anaerobic biofilms; ( 2) the uneven d istribution of the film in the 
reactors; (3) the presence of  m icro-colonies, and the vent structure' (4) interactions 
between different m icrobial species. Since kinetics of the anaerobic d igestion are not 
yet suffic iently developed Empirical relationsh ips based on experimental results are 
usually established to pred ict the relationship between the removal efficiency of the 
organic matter and other parameters (Wi lson et aI . ,  1 998). 
Wi lson et al . ( 1 998) established an empirical model for anaerobic fi lters using a l inear 
regression analysis of the experimental results and pred icted the outlet COD 
concentrations using in let COD and hydraul ic retention time (HR1). The procedure 
used two laboratory scale anaerobic filters one treating domestic wastewater and the 
other treating soybean processing wastewater, and a p ilot p lant and a fu U  scale p lant 
of anaerobic filter both treating soybean wastewater. 
Annenante et al . ( 1 999) carried out mathematical modeling for the degradation 
process of 2,4,6-trichJoTophenol, using anaerobic batch/continuous and aerobic 
treatment, and determ ined the kinetic constant. Their whole experiment was based on 
Michaelis-Menten kinetics. A modified Stover-K incannon model was successfully 
used to predict the substrate removal rate. The overall reaction order was proposed to 
be half order. A general model of immobilized aerobic/anaerobic bacterial system 
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demon trated that immobilization of bacterial specIes accelerated the rate of 
biotransformation and provided complete transformation of toxic intermediates. An 
experimental study and dynamic model of the effect of biofilm size and mass transfer 
in a pi lot- cale fluidized bed reactor (FBR) indicated that the biomass composition of 
the biofilm was dependent on the size of the biofilm. Thick biofilms had lower 
acidogenic activity and higher methanogenic activity compared to thin films ( Riffat et 
aI . ,  1 999). 
A mathematical model developed by Bello-Mendoza and Sharatt ( 1 998) to describe 
the dynamic behavior of anaerobic sludge digesters under non-ideal mixing 
conditions emphasized the importance of mixing conditions in the simulation of 
anaerobic digestion reactor design and calculation of conversion efficiency. 
A mathematical model for explaining the complex pattern of volatile acid production 
in anaerobic digestion process was carried out by Mosey ( 1 983) .  Hydrogen-utilizing 
methane bacteria were identified as the controlling organisms for the redox potential 
of the anaerobic digestion under normal operation conditions. The study proposed 
that the various mixtures of acetic, propionic, and butyric acids that appear in 
anaerobic digesters when operating under stress are the response of acid-form ing 
bacteria to change the redox potential of their growth media brought about by changes 
in the trace concentrations of hydrogen in the digester gas ( Mosey 1 983) .  
A dynamic model for a two-step anaerobic process was developed and tested in batch 
cultures with two types of organic loads; pea bleaching wastewaters and a synthetic 
substrate containing sucrose and organic acid. The model allowed simulating 
satisfactorily the methane production under very different operational conditions 
(Moletta et aI., 1 986). 
A mathematical model developed by Thomas and Nordstedt ( 1 993 ) represented a 
wide variety of anaerobic reactor types and substrates. The model a generic 
anaerobic digestion model, using lumped substrate parameters, developed for use as 
type-specific reactor model operating within the sphere of a larger system model. 
Three types of anaerobic reactors were simulated: fIXed-bed reactors, conventional 
stirred tank reactors and continuously expanding reactors. The generic anaerobic 
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digestion model performed very well as a tool for testing various values of conversion 
efficiency and kinetic parameters for a wide range of substrate types and reactor 
design . The model was able to simulate literature data from 44 studies of the three 
type f reactors, using several different substrates within the 95% confidence 
interval. 
Both the model's strength and weakness lie in its simpucity. The use of lumped 
parameters and only two bacterial population limits the accuracy of the model. 
However, the model is adequate enough as a toll for use in the initial design of a 
reactor system. Even though pilot studies and more detailed modeling may be 
required m the [mal design process (Thomas and Nordstedt, 1 993).  
2.6 Applications of Anaerobic Treatment Systems 
A feasibility study on raw and pre-clarified potato-maize wastewater m a UASB 
reactor achieved 63% COD removal at an organic load of 1 4  g CODIL.d. 
Comparative studies on treating distillery wastewater under thermophilic conditions 
revealed that anaerobic fluidized bed reactor (AFBR) was more effective than 
anaerobic filter (AF). AF is suitable for easily biodegradable wastewater, while 
AFBR is more suitable for hazardous waste treatment (Riffat et a!., 1 999). 
Steed et al. ( 1 998) reported that an up-flow packed anaerobic filter operating with 
SBR for treatment of metal contaminated uquid was able to achieve 99% metal 
removal at ph 7.2 and produced an effluent closing to drinking water. ASBR treating 
nonfat dry milk supplemented with nutrients and trace metals showed unique 
characteristics of removing organics from dilute wastewater at low temperatures 
ranging from 5-25°C. A two-phase acidogenic and methanogenic digester was used 
for treatment of dairy wastewater at laboratory scale. The COD removal rate of 90% 
was achieved for a loading rate of 5 kglCOD/m3.day. 
A one-stage CSTR was found inefficient in anaerobic treatment of propionate derived 
from carbohydrate wastewater. A two-stage CSTR is needed since contact time and 
F:M ratio are critical parameters. Sulfide-rich anaerobic sludge and molasses 
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wa tcwater were used for reduction of nitrates and n itrites In TRs. The result 
ind i ated that a CODIN-Nox ratio greater than 65 .6 d id not convert nitrogen oxide to 
ammonia. An anaerobic mesoph i l ic filter was able to treat brewery wastewater with 8 
kglCOD/m3 .d load ing up to 96% COD removal at ambient temperatures. 
Treatment of swine waste by anaerobic digestion fol lowed by aeration and 
sed imentation can produce an effluent that meet the criteria for irrigation and 
produced no odor ( Riffat et aI . ,  1999). 
Upflow anaerobic hybrid b lanket (UA HB )  reactor has been successful ly used in 
treating wastewater containing high sulfate and ammonia concentrations by adding 
water adsorbing polymer ( W  AP) partic les to the inoculum. Some researchers used 
ozonat ion as a pretreatment to anaerobic d igestion in treating ol ive oil m il l  effluent. 
Others reported that ozonation produces oleic acid that is more toxic to methanogens 
than the original substrate. 
Tay and Zhang (2000) studied the effect of various shocks on the stability of three 
types of high-rate anaerobic reactors, using laboratory scale reactors, under 
mesophi l ic temperatures (35°C +1- 1 ) .  The three types of reactors are: anaerobic 
fluidized bed reactor ( AFBR), anaerobic fLIter (AF), and upflow anaerobic sludge 
blanket reactor (UASB). Table 2 .3 d isplays the three reactor performances under 
normal operation state. The stabil ity of the three reactors in the presence of various 
shocks was ranked as fol lows: -
1 .  UASB ::::; AFBR > AF for twofold organic loading rate (OLR). 
2. UASB ::::; AFBR > AF for twofold OLR and twofold HLR. 
3 .  UASB > AFBR > A F  for fourfo ld HLR. 
4. UASB > AFBR > AF for fourfold OLR. 
5 .  AFBR > UASB > A F  for b icarbonate absence. 
6 .  AFBR > A F > VASB under toxic cond itions. 
7 .  UASB ::::; AFBR ::::; A F  for under-load (no OLR). 
In  a second study, the stabil ity of three high rate anaerobic reactors (AFBR, AF, and 
UASB), in the presence of various shocks was investigated by exam ining the variance 
of fuzzy stabi l ity index (N). The Substrate was soluble and h ighly b iodegradable 
synthetic wastewater (mainly glucose, peptone, and meat extract) contammg essential 
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Table 2.3 Performances of AFBR, AF, and UASB under normal operation conditions (Tay and Zhang, 2000). 
Reactors Gas Production H2 (ppm) CO2 (%) CH4 (%) pH Effluent TOC Effiuent VF A 
(L/h) (mg/l) (mg/I) 
AFBR 0.57-0.86 (0.663) 49-299 ( 1 58) 1 2 .34-24 .69 ( 1 8.99) 67.24-75 .04 (7 .26) 7. 1 2-7.3 7 (7 .26) 28- 1 96 (63 .94) 1 .80- 1 49.2 (50.46) 
AF 0.49-0.63 (0.56 1 )  1 85-556 (290) 2 1 .78-30. 1 5  (25 .04) 65 .94-70.73 (68 . 1 1 )  7 .05 -7.39 (7.26) 65-254 ( 1 22.4) 28.5-287.0 ( 1 1 2 .5) 
UASB 0.72-0.87 (0.780) 1 1 0-39 1 (203) 1 7 .06-29.8 (25.45) 65 .26-7 1 .66 (68.72) 6.98-7.27 (7.2 1 )  32-87.6 (48.67) 35 .7-54 .82 (45.25) 
I 
24 
macro- and mlcro- nutrients for bacterial growth stored at 4°C to avoid premature 
degradation. The reactor was operating under mesophilic temperatures, and the 
parameters such as HRT, OLR, COD, and NaHCOl intentionaUy varied during 7 
cycle tests to a ses performance. Fuzzy tabil ity index (N) variance explic itly 
ind icated the departure of a system from normal state. The curve of N versus time 
clearly ind icated the h i ftrng rate and recovery time of a system, whereas a d irect 
exam mation of the system performance cou ld not offer such evident information (Tay 
and Zhang, 2000). 
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Chapter 3 
Process Description and Industrial Waste Survey 
3. 1 Introduction 
This chapter focuses on the anaerobic/aerobic treatment of industrial wastewater 
produced by evi l le Products Lim ited. This company is located at Al Quoz I ndustrial 
Area in Dubai and produces d ifferent kinds of chocolate confectionery products, 
biscuits, and pasta. The wastewater is generated as a result of the washing process of 
mou lds, utensils, and m ixing vessels. Mou lds are washed automatically in a way 
simi lar to a d ishwasher, while the bigger parts are washed manual ly. The wastewater 
is d ischarged intermittently, 1 to 4 batches per day, at a total volume of 50- 1 50 
m3/day. The effluent is h igh strength wastewater conta in ing a compl icated m ixture of 
emulsified oi l, suspended solids, and sugar. 
Since Dubai Municipal ity (DM) has a stringent law for the quality of the waste being 
d ischarged to any environment or sewer l ine, the effluent must be treated to achieve 
the DM sewer d ischarge standard. The treatment system under study is set-up and has 
operated by Rentec Environment Protection Technology in Dubai. Description of 
wastewater treatment p lant and its industrial waste survey wi l l  be presented in this 
chapter. 
3.2 Process Description 
The treatment process, util ized for Sev il le Products Ltd ., is a two-phase (Acetogenesis 
/ Methanogenesis) process followed by aerobic polishing stage as demonstrated in 
Appendix 4. The plant is automat ical ly controlled and the instruments consist of 
automatic contro� manual contro� protective system, trip system, and alarm system. 
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A fu l l  description of the treatment stages i given below. Wastewater produced from 
food industrie i h igh in organic contents, such as l ipids and more easi ly degradable 
c mpounds, such as carbohydrates and proteins. The organic suspended solid content 
of the wa tewater does not encourage the use of high rate anaerobic reactors, such as 
anaerobic filters and up- flow anaerobic sludge beds (UASB). A two-phase anaerobic 
system is the most su itable for this type of wastewater as discussed in Chapter 2 ( for 
instance, Guerrero et al . ,  1 999). 
3.2. 1 Influent Lift Station and Mechanical Cleaning 
Influent lift station is equ ipped with 2 submersible pumps, one in duty and one 
standby, with a capac ity of 25 m3/h each working on float switches to ensure optim um 
operation conditions. The effluent received from the last manhole is pumped at this 
station for mechanical c leaning. The mechanical cleaning is carried out by flowing the 
influent through a rotating drum screen, w ith a mesh size of 0.5 mm, and a capacity of 
25 m3/h. At thi stage floating particles are removed and the relatively sol id free 
wastewater flows via gravity to the in let l ift station. 
3.2.2 Inlet Lift Station 
The inlet lift station is also equ ipped with 2 submersible pumps, one in duty and one 
standby, with a capacity of 25  m) /h each operated by float switch . This l i ft  stat ion 
is designed to receive in add it ion to wastewater from mechanical c leaning the 
supernatant com ing from the sludge tank as weU as recycled water in case of 
emergencies or off-spec cases. The influent here is pumped into the equalization tank 
(ac idogenesis reactor). 
3.23 Acidogenesis Reactor 
Ac idogenesis reactor is the first phase of anaerobic process and IS also known as 
hydrolysis - acid ification phase. It has the fol lowing main functions: 
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1 .  Balancing the eflluent when experiencing fluctuations in the flow rate. 
2. Convert ing ugar and organic suspended solids to volatile fatty acids 
(VF A), such as acetic, propionic, and butyric acids. 
3.  Providing continuous flow rate for the methanogenesis reactor. 
The tank volume is 308 m3, in which the in fluent can be accommodated for 2 days 
during maximum peak-flow conditions. The reactor is equipped with level control 
and pH adjustment systems. The pH adjustment system consists of chemical tank 
(NaOH), dosing pumps, and single input pH controller which sends information via a 
4-20 rnA signal to the chemical dosing pump control l ing the flow of the chem ical to 
the tank. Addit ional ly the reactor is equipped with a re-circu lation system to main 
the content moving for achieving better fermentation and conditioning. When 
hydrolysis - ac id ification IS completed, the effluent is pumped into the 
methanogenesis reactor via dry installed pumps ( re-circulation and feed) connected 
d irectly at the side of the reactor tank. 
3.2.4 Methanogenesis Reactor 
Methanogenesis, a lso known as acetogenesis-methanation, is the phase where the 
VF A is converted to methane gas. This reactor can be operated under e ither 
thermophi l ic (450 C+) or mesophilic (3 1 0  C +/-2) conditions. In our case, the 
reactor is operating under mesophilic conditions depending only on natural c l imate 
and the heat of  the influent wastewater. The reactor is equipped with re-circu lation 
device, bacteria reta in ing med ia, level control, and pH control. The average biogas 
production is about 200-600 m3/day. The ratio of pure methane amount is around 
50%. The recovered gas is flared into atmosphere. 
3.2.5 Solid / Liquid Separator 
The flow coming from the methanogenesis reactor wil l  enter the lameIJa separator to 
separate anaerobic d igested sludge from the l iqu id .  The sludge is removed from the 
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bottom of the separator to the ludge tank, while the liquid flows into the aerobic 
treatment tank. 
3.2.6 Aerobic Treatment 
This is an activated sludge process consisting of an aeration tank equipped with 2 air 
blowers with a capacity of 1 ,200 Nm3 leach, provid ing the requ ired amount of 
d issolved oxygen (2 m gIVm in . ) .  The biological oxidation of the organic load is 
achieved by transferring the requ ired oxygen into the biomass. The aeration takes 
place through non-c1oggable fme bubble d iffusers, located and d istributed at the 
bottom of the tank.. The fine bubble d iffusers further provide constant mixing velocity 
and homogeneous oxygen transfer through the m ixture. The sludge particles wil l  
remain suspended in the aeration tank throughout the aeration period . 
Bacteria and m ono-ceU organisms degrade the organic and ammonium content of the 
wastewater, converting them to CO2 and n itrates. According to the wastewater flow 
into the aeration tank, a constant amount of activated sludge is transferred from the 
aeration tank into the sed imentation tank. There the biomass is separated from the 
treated water. Part of the sludge is pumped back into the aeration tank to activate 
addit iona lly the b iological process, while the rest is transferred into the sludge holding 
tank. 
3.2.7 Sludge Thickening and De-watering 
The sludge holding tank is equ ipped with aeration system to maintain the content 
under aerobic conditions. During sludge th ickening, the supernatant liquor flows v ia 
gravity through an overflow system into the inlet lift station for further treatment, 
wh i le the thickened sludge, containing 1 .5-2.0 % dry solids, is pumped into the sludge 
de-watering unit .  
Dubai Municipality environmental regu lations m andate that the d isposed sludge must 
conta in a m inimum of 25% dry sol ids by volume. For this purpose the sludge is  
further de-watered m echanically to reach the specified standard. The sludge de-
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watering ystem is a packed unit consisting of sludge feed pumps, floccu lent dosing 
system, belt fiher press, and control panel. The sludge cake after belt pressing is 
col lected in a container for landfil l  disposal, whi le the fi ltrate is recycled through the 
In let Lift Station for further treatment . 
3.2.8 Final Effluent Control 
The completely treated water flows into [mal effluent control tank. There, the pH is 
further adjusted automatically, if requ ired, before d ivert ing to sewer l ine or using for 
wash processes. 
3.2.9 Air Purification and Biogas Flaring 
Anaerobic units producing waste air are connected to the air-cleaning unit. The air­
cleaning unit is connected to a bio-fiJter media, where m icroorganisms carry out 
biochemical oxidization of certain organic and inorganic gaseous compounds. 
Unwanted constituents of the treated gases serve as a substratum for the 
microorganism and are converted into comparatively non-problematic by-products 
( H20, CO2, biomass, salts, etc . ) .  
The biogas is stored at the top of the methane reactor where i t  is  connected with a 
high/low pressure control system and the gas burner. The flare is automatically 
operated, in such a way that when the gas pressure inside the reactor rises to the 
L im ited value, the control valve opens and ignition system switches on. When the 
pressure inside the reactor drops to a certain value, the control valve is automatical ly 
closed and the ignition system switched off. 
30 
33 Process Design Parameter 
3.3. 1 Wastewater Characteristics 
Daily Discharge Output J 50 mJ/d 
Average Hourly Flow 6.25 m3/h 
Peak Hourly F low 25 m3/h 
BODs 1 000-6000 ppm 
COD 4000- 1 2000 ppm 
Oil & Grease 500-7500 ppm 
TSS 600- 1 1 000 ppm 
TO 1 200-8500 ppm 
pH 5- 1 ] 
Water Temperature ( Max) 50 DC 
33.2 Acidogenesis Reactor Configuration 
Equalization Capacity 1 50 mJ 
Hydrolysis Capacity 75 m3 
Emergency Capacity 75 m3 
Volume Requ ired 300 m3 
Actual Volume 308 m3 
3 1  
3.3.3 Metbanogene is Reactor Configuration 
3.3.3.1 Basic Data 
Daily Discharge Output 
Peak Hourly F low 
BODs 
COD 
Water Temperature ( Max) 
Sludge Load 
Vo lumetric Load 
Judge Production 
Dry Solids in Biology 
Dry Solids in Excess Sludge 
Volume Required 
Actual Volume 
3.3.3.2 Gas Production 
Spec. Gas Production 
Effic iency 
COD Oxidized 
Average Gas Prod uction 
3.3.3.3 Sludge Production 
Sludge Production 
Daily Digested S ludge Production 
J 50 m-/d 
25 m3/h 
6000 ppm 
1 2000 ppm 
50 °C 
1 .25 kglkg 
6.0 kg/m
3 .d 
0. 1 kglkg 
4.0 kg/m3 
1 2  kg/m3 
300 m) 
300 m 3 
0.45 m
J/kg COD oxidized 
70% 
1 260 kg COD/d 
567 Nm3/d 
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1 26 kg/d 
1 0.5 Nm3/d 
3.3.4 Activated Sl udge Design Configuration 
3.3.4 . 1  Basic Data 
Daily Di harge Output 
Peak Hourly F low 
BODs 
COD 
Water Temperature ( Max) 
Sludge Load 
Vo lumetric Load 
Sludge Production 
Dry ol ids in B io logy 
Dry Solids in Excess Sludge 
Volume Required 
Actual Volume 
3.3.4.2 Sludge Production 
Sludge Production 
Daily Digested Sludge Production 
1 50 m /d 
25 m3/h 
6000 ppm 
1 2000 ppm 
50 DC 
0.2 kg/kg 






Sludge Surplus after th ickening ( 1 .3% DS) 
Sludge Surplus after De-watering (25% DS) 
3.4 Industrial Waste Survey 
3.4 . 1  Sampling and Analysis 
1 35 kg/d 
1 9.3 Nm3/d 
1 0A m3/d 
0.54 m3/d 
I n  order to evaluate the Sevil le Products Ltd. wastewater treatment plant performance, 
experimenta l  analysis on waste loads and flow at d ifferent stages before and 
throughout the treatment process were conducted. Grab sampl ing of wastewater was 
conducted in d ifferent seasons through two years. The locations of the wastewater 
sampling points are ind icated on the schematic d iagram in Figure 3 . 1 .  The type of 
analysis conducted is indicated in Table 3 . 1 .  
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Figure 3 . 1  Wastewater sampling Points Ind icated on Waste B lock Flow Diagram 
3.4.2 Experimental Materials and Set-up 
The fol lowing analysis, instruments, and methods ind icated in Table 3 . 1 were used in 
the UAE University Laboratory in order to evaluate the wastewater quality through 
out the process. Paral lel  to these analysis conducted in C LU, and Department of 
Chemical and Petroleum Engineering, UA E university, [mal point analysis and sludge 
analysis routinely were performed in Professional Laboratory in Dubai. 
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Table 3 . 1  Analy is Parameters, instruments, and international methods util ized in 
AE Univer ity CLU to a e wa tewater quality 
Aoalysis Parameter Method Instrument 
Sugar : hcto e, glucose, HPLC (Al l iance 2690 
ucro e, . . .  etc. separation modu le with 
column oven; refractive 
index detector (24 1 0  
vaters); J.1 bond pack NH2 
column 1 25 AO 1 0  J.1m 
(3 .9x300 mm) 
Fatty Acids Liqu id- l iqu id extraction by Chrompack CP-900 1 GC 
petroleum ether with F I D  detector, 
Column: WCOT fused 
si l ica 25MxO.32MM lD, 
df=O.3 coating FFA P-CB 
for free fatty acids. 
Total Kjeldal N itrogen I SO 5663 2300 Kjeltec Analyzer 
(TKN ) Unit, Foss Tecator 
Ammonia APHA 4S00-NH# Spectrophotometric 
determination ( UV -VIS) 
DR 4000 Hack UV -VIS 
Spectrophotometer 
Oi l and Grease EPA 1 664 Gravimetric determination 
Heavy M etals Atomic Absorption 
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Chapter 4 
Resu lts and Discussion 
ampling and preservation time will be presented and discussed in the first section of this 
Chapter. The results of analysis, that has been conducted in CLU or in certified private 
lab in Dubai, for influent and effluent of each unit will be discussed and compared with 
the resuhs of those studies presented in the literature review covered in Chapter 2 .  
Furthermore, the treatment efficiency for anaerobic/aerobic process will be analyzed 
under different seasonal temperature conditions and compared with the results from an 
SBR treatment plant that treats industrial wastewater for a company named California 
Garden in Dubai. Finally, sludge characteristics for the two plants will be presented and 
discussed. Treated effluent water and sludge produced will be evaluated to fmd out if 
their characteristics com ply with the Dubai Municipality legislation standards. 
4. 1 Sa m pling, Preservation, a nd Analysis 
Throughout the two years of study, grab samples of wastewater were collected at 
different seasons and at four sampling locations influent and after each treatment stage. 
The sampling points are as follows: -
Sampling Point Location 
1 Inlet to influent left station 
2 Outlet of acidogenesis reactor 
3 Outlet of methanogenesis reactor 
4 Final treated water 
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Other analyses results obtained from Seville Products Factory which was conducting its 
own sampling and analyzing in a private laboratory, certified by Dubai Municipality. 
The results of our analysis would have been more ind icative if complex samples were 
col lected and analyzed every 2 hours/day. Due to lligh analysis costs, time consumption, 
and the transportation constraints only one sample was taken each time. Samples were 
col lected in glass brown bottles chilled with ice, and taken to University's  Central 
Laboratory Uillt (CLU) for analysis. Since the private lab analyzed main orgaruc load 
parameters, such as BOD5, COD, TSS, and IDS we analyzed other indicative 
parameters such as volatile fatty acids (VFAs) , total fat, oil  and grease, TKN, heavy 
metals and ammonia. The analyses that were conducted in CLU have been replicated 
twice for each sample as shown, for instance, in Table 4. 1 .  The reproducibility of the data 
is lligh1y accurate. 
The results of analyses conducted in the CLU lab are demonstrated in Tables 1 and 2 and 
Figure 4 . 1 for two samples only and full analyses results are shown in Appendix 1 .  As 
for the two samples demonstrated in Tables 1 and 2, the request dates were 22/031200 1 
and 1 8/06/200 I and the dates of completion were 7/61200 1 and 2 7/6/200 1 ,  respectively. It 
is clearly observed that the preservation time has great effects on the final results in spite 
of chilling the samples in the CLU Lab. The concentrations of all volatile fatty acids 
except propionic acid in the sample that was preserved for long time (sample with date of 
request 22103/200 1 )  as shown in Table 4. 1 are not detected in the influent location 
(sample point 1 ), while in other locations the differences in concentrations between the 
two samples are great, for instance at sample point 2, the concentration of valeric acids 
dropped from 48 mg/l (sample with a short time of preservation) to 6 mg/l (sample with a 
long time of preservation) as demonstrated in Tables 4 . 1 and 4.2 respectively. Figure 4 . 1 
shows the effect of preservation time on valeric acid concentration variation between two 
samples as an example. These observations may reveal that rrucroorganisms are active 
even at low temperatures that are recommended for preservation of the samples. For 
such industrial wastewater from food industries, the preservation time should be 
shortened as much as possible to avoid misleading results. Figure 4 .2 demonstrates the 
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industrial waste survey of the wastewater treatment plant based on the average of the 
analysi results that conducted in LU and the private Jab. 
Concentration 
(ppm ) 





1 0  u---------
o 
22/3/0 1 1 8/6/0 1 
Date Sampled 
o Propionic Acid 
• Butyric Acid 
o Valeric Acid 
o Hexanoic Acid 
• Heptanoic Acid 
Figure 4 . 1 Volatile Fatty Acids variation in Acidogenesis Reactor with preservation time 
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Table 4. 1 Analysis results of volatile farty acids, total fats, protein and sugar (Date of request 22/03/200 1 and date of completion 
7/6/200 1 )  
Sample lPropionic 
Acid (mg/l) 
SP# 1 - A 0.090 
SP# l - B  0.093 
SP#2 - A  0.540 
SP#2 - B  0.53 
SP#3 - A  0.060 
SP#3 - B  0.070 
SP#4 - A  <IDL 
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0 .39 89.00 
0.40 87 .50 
<IDL 5 . 8 0  
<IDL 6. 1 0  
<IDL 2 . 1 0  
<IDL 1 .90 
2. GC Instrwnent Detection Limit ( IDL) of the appl ied method for fatty acids in water is 0.07 mg/l 
3 .  Method Detection Limit (MDL) for protein by titrimetry is  0.0006% 
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j% Protein 1 0/0 Sugars 
0.020 <MDL 
0.023 <MDL 






Table 4.2  Analysis results of vo latile fatty acids, total fats, protein and sugar (Date of request 1 8/06/200 1 and date of completion 
27/06/200 1 )  
Sample 
SP# l - A 
SP# 1 - B  
SP#2 - A  
SP#2 - B 
SP#3 - A  
SP#3 - B  
SP#4 - A  
SP#4 - B 
-
"'Propionic "Buteric "'Valerie 
Acid (mg/I) Acid (mg/I) Acid (mg/I) 
0.200 0 .34 0 .65 
0. 224 0 . 3 2  0.69 
2 . 590 2 3 . 1 8  48 .26 
2 . 62 22 . 5 1  47 .39  
0. 1 3 2 <IDL <IDL 
1 . 1 20 <IDL <IDL 
<IDL <IDL <IDL 
<IDL <IDL <IDL 
I .  Method detection l imit (i\1DL) for sugars is  0.2% 
"'Hexanoic ZHeptanoic Total fats 
Acid (mg/I) Acid (mg/I) (mg/I) 
0 . 3 1 0 .28 348.20 
0 .39 0.24 3 2 1 .90 
23 .50  4 . 0 1  95 . 70 
23 .80 3 . 3 5  1 1 6 . 60 
0. 1 29 <IDL 8 .00 
0 . 1 25 <IDL 7. 1 0  
<IDL <IDL 1 . 60 
<IDL <IDL 1 .40 
2. GC Instrument Detection Limit ( IDL) of the applied method for fatty acids in water is 0.07 mg/l 
3 .  Total Kje;dal Nitrogen (TKN) for total n itrogen is carried out by tertiametry 
4. Method detection l imit (MDL) for Oil & Grease in water is 1 .6 mg/] 
40 
40il & G rease 1 %  JTKN Free 
(mg/I) S ugars (mg/I) NH3 
1 1 . 60 <MDL 4.03 1 . 1 5  
1 1 .60 <MDL 3 . 74 1 . 1 4  
6 . 1 0  <MDL 7.25 1 .05 
6 . 1 0  <MDL 5 . 80 1 .00 
<MDL <MDL 1 07.95 90.60 
<MDL <MDL 1 09.23 9 1 .00 
<MDL <MDL 2 .04 1 .05 
<MDL <MDL 2 . 23 1 . 1 0  I 
M l  M2 
Methanogenesis 
M3 M4 
Influent Lift ... Acidogenesis .. .. Aeration Final Effluent .. 
Reactor 
.. 
Tank ""-Station Reactor .. Tank 
Parameters M l  M2 M3 M4 
pH na na 6.6 8 .50 
Flow (m3/d) 60 60 60 60 
Inlet Water Temperature °c na na 3 3 .5 na 
Total suspended solids (TSS) (mg/l) 5 8 8  na na 249 . 3 3  
Total Dissolved Solids at 1 80 °c (TDS) (mg/l) 4750 na na 1 456.66 
Chemical Oxygen Demand (COD) (mg/l) 3 500 na na 5 1 2  
Biochemical Oxygen Demand (BOD) 
(5 days) at 20 °c (mg/l) 3 500 na na 249 . 3 3  
Oil  and Grease (Emulsified) (mg/l) 1 0 .60 6 .63 < MDL < MDL 
TKN (mg/l) 5 . 5 6  3 4 . 5 8  9 8 . 5 7  2 .59 
Free Ammonia (mg/l) 0.60 0 .70 1 1 7 . 3 0  23 .04 
Phosphate-Phosphorus (P04-P) (mg/I) na na na 1 .9 
--_. ---- - ---�-� - --
4 1  
Total Fat (mg/l) 
Protein (% ) 
Sugar 
















Figure 4.2 Block flow diagram and industrial waste survey 
3 1 7.25 
0 .0 1 3  
dvIDL 
0 . 1 8  
0 .30  
0 .59 
0 .38 
0 .25  
1 60.74 




1 2 . 50  
2 . 5 5  
63 .4 1 
na 
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97.42 6.67 1 .5 
0 .04 0.03 0.002 
< MDL < MDL < MDL 
2 .24 0. 1 2  < MDL 
1 8 . 1 3  0 .08 < MDL 
39 .55  0 .09 < MDL 
1 8 .33  0 . 1 3  <MDL 
4.20 < MDL <MDL 
2 1 4.86 1 23 . 1 0  7 .55  
98.36 20. 1 2  3 .97 
( MDL <MDL (MDL 
8.07 2 .20 0 . 7  
45 .04 1 9.6 2 .22 
1 7 .69 1 3 .0 8 .68 
1 2 .3 1 3 .30  0.90 
1 57 .47 73 .02 1 6 . 1 0  
na na 0.08 
4.2 Pre-acidification and Equalization Tan k 
I n  Chapters 2 and 3, the advantages of using pre-acidification tank, known as hydrolysis­
acidification phase, as a first stage for anaerobic process were reported. This reactor tank 
is further descnbed in Chapter 3 .  Proteins, for instance, degrade into monomers. Oil, 
grease and fats are converted by hydrolysis process into volatile fatty acids. This is 
clearly observed from the results of analysis presented in Figure 4 .2  and analysis results 
attached in Appendix I .  For instance, valerie acid concentration in influent to the tank is 
0.67 ppm while in the tank effluent increases to 48 ppm. On the other hand the 
concentration of fats dropped from 348 .2  ppm in tank inlet to aroWld 1 00 ppm in tank 
outlet. The volatile fatty acids that exist in the effluent stream from the pre-acidification 
tank are propionic, butyric, valerie hexanoic and heptanoic acids. The results of Ahn et 
a1 . (200 1 )  experiments concluded that an equalization tank could be used simultaneously 
as a pre-acidification tank, and no need to use separate tank . The same trend is also 
applied in this plant The analysis results reveal that the polymers and other organics 
degraded into volatile fatty acids, but no traces of acetic acids was detected. In this tank 
the pH is adjusted by adding NaOH solution. The NaOH solution contained heavy 
metals as demonstrated in the additives analysis results, and this is what is attributed to 
the increase of heavy metals from influent to effluent streams from this tank . 
The fatty acids effluent concentrations from the pre-acidification tank is affected by 
climate change as depicted in Figure 4.3  and the analysis results shown in Appendix 1 .  
As revealed, the hydrolysis and acidification are highly stimulated by increase in ambient 
temperature in June, while these two processes decrease by drop in temperature, as 
indicated in November results. That is c learly demonstrated in Figure 4.3 .  These findings 
are in agreement with the results presented in literature (Arrnenante et aI., 1 999, 
Gurerrero et al., 1 999). The free ammonia also increased by increasing temperature, for 
instance free ammonia increased from 0.04 in November to 1 .05 ppm in June. This 
observation also verifies the results presented in the literature (Gurerrero et aI., 1 999). 
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Figure 4.3 Volatile Fatty Acids variation in Acidogenesis Reactor due to climate change 
4.3 Metha nogenesis Reactor 
A methanogenesis reactor is considered as the second stage of anaerobic process and is 
also known as acetogenesis-methanation where volatile fatty acids are converted to acetic 
acid and then to methane. This reactor operates under normal climate conditions, 
control led pH, and can be operated either thermophil ic or mesophi lic. As discussed in 
Chapter 2, mesophilic temperature is around 32 °c and the optimum is 3 5  °c (Terzis, 
1 994) while thermophilic temperature is greater than 45 0c. In Chapter 2, we further 
demonstrated that temperature increase may improve the process performance up to 
specific temperature depending to the type of wastewater, but at higher temperatures, it 
can cause reactor instability (Arrnenante et al . ,  1 999, Lapara and Al leman, 1 999, and 
Guerrero et ai., 1 999). 
Table 4.2 reveals the analysis of organic speCles from four sampling points reported 
above. The effluent analysis from methanogenesis reactor depicts that almost all volatile 
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fatty acids and oil and grease are converted to acetic acid and then to methane. But 
around 5 % of total fats remain without conversion. On the contrary, the TKN and free 
ammonia increased drastically, for instance TKN increases from 5 .8  ppm to 1 08 ppm. As 
clearl demonstrated that the results show the performance of this reactor is affected by 
climate conditions. Aeration unit described as a post treatment unit polishes this process. 
Most of residue of the organic species from the anaerobic process is treated as 
demonstrated in Table 4 . 1 and Figure 4.2 .  This finding is in full agreement with the 
results presented by Perez et al. (200 1 a 200 1 b). 
4.4 Anaerobic / Aerobic Process Performa nce 
As indicated in Table 4.3 and Figures 4.4 and 4.5, the results for all seasons are wel l  
within the Dubai Municipality' s  effluent discharge limits to sewer ( refer to appendix 4) .  
Only IDS for April 2000 analysis is slightly ( 1 40 mg/l) above the standards. As i t  is  
evident from April, July and August results, we can see that the reactors perform better 
during hot seasons especially for BODs, COD, and TSS parameters. 
Table 4 .3 : Seasonal effluent water quality 2000 (see appendix ] for full analysis results) 
Parameter A pril July August Septem ber November DM Sewer 
(mg/l) Standard 
BODs ] 60 98 220 430 920 1 000 
COD 524 248 560 728 2560 3000 
TSS 34 45 46 296 2 1 0  500 
IDS 3 1 40 1 570 280 2520 1 3 1 0  3000 
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Figure 4.5 : Seasonal COD variation in the effluent treated wastewater due to ambient 
temperature change 
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4.5 O rga n ic a n d  H eavy M eta ls D istr ibut ion 
4.5. 1 Volat ile Fa tty A cids 
s il lu trated in Table 4.4 and Figure 4.3 ,  it is clear that wastewater degradation and 
VFAs formation vary with seasonal ambient temperature change. In the hot seasons the 
V AFs concentrations are much higher in the reactors, which indicate a better break down 
of organic constituents of the waste. Analyzing the rest of Figures 4.6, 4 .7,  and 4 .8  we 
fmd that valeric acid constitutes the highest percentage of the VF As formed, while 
propionic acid and heptanoic acid constitute the lowest percentage of the VF As formed 
during the conversion. This is especially obvious in the acidogenesis stage of the 
treatment process. 
The listed figures further illustrate that VF As are formed only in the acidogenesis stage, 
as their concentration is almost nil in the other three stages of the treatment process. The 
VF As are completely converted to biogas in the methanogenesis stage. 
Table 4 .4 Seasonal VFAs variation in acidogenesis stage ( see appendix 1 for full analysis 
results) 
VFA (mg/l) June 200 1 Nov. 2001 
Propionic Acid 2.59 1 .85 
Butyric Acid 23 . 1 8  1 3 .7 1 
Valerie Acid 48.26 3 1 .94 
Hexanoic Acid 23 .50 1 3 .04 






o Propionic Acid 
• Butyric Acid 30 
o Valeric Acid 25 
o Hexanoic Acid 20 
• Heptanoic Acid 1 5  
1 0  
5 
0 
SP 1 SP 2 SP 3 SP 4 





o Propionic Acid 
30 • Butyric Acid 
o Valeric Acid 25 
o Hexanoic Acid 20 
• Heptanoic Acid 1 5  
1 0  
5 
0 
SP 1 SP 2 SP 3 SP 4 





o Propionic Acid 
• Butyric Acid 20 
o Valeric Acid 
o Hexanoic Acid 1 5  
• Heptanoic Acid 
1 0  
5 
0 
SP 1 SP 2 SP 3 SP 4 
Figure 4.8 :  VFAs behayjoT during treatment stages ( Sampled : November 200 1 )  
4.5.2 Presence of H eavy Metals 
Since some traces of heavy metals such as aluminum, zinc, lead, copper, and nickel were 
detected in the final sludge cake we conducted a full analysis for heavy metal detection 
at all treatment stages. Additives and sludge were analyzed as wel l  in order to pin point 
the source of heavy metals which seemed odd to be found in a ful ly organic waste. 
Figure 4.9 shows that metal traces appear suddenly and at high concentrations in the 
Acidogenesis stage and get reduced in the Methanogenesis stage, until it reaches almost 
nil in the final treated water. The metal traces eventually get fully deposited in the sludge 
( see figure 4 . 1  0), which is an indication of successful treatment technique for the 
wastewater. 
The source of the heavy metals was found to be the nutrition additive ( Urea) and pH 
controller additive ( Sodium Hydroxide) . Figure 4. 1 1  indicates the presence of these 
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Figure 4.9: Metal traces appeared ill wastewater during treatment stages ( Sampled: 
1 7/ 1 1 1200 1 )  
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Figure 4. 1 1 :  Metal traces detected ill urea and sodium hydroxide additives ( Sampled 
1 7/ 1 1 1200 1 )  
4.5 A Com pa rison of A n aerobic / Aerobic Trea t m e n t  to SBR 
A companson of treatment efficacy of our anaerobic 1 aerobic treatment system to 
Sequential Batch Reactor ( SBR) in treating wastewater from two food industries 
operating was done. The company using SBR treatment is also located in Dubai, with 
same external environmental conditions, and produces canned food, such as peas, 
chickpeas and broad beans. The wastewater is produced from washing utensils and 
cooking vessels. Table 4.5 below compares the average influent quality entering both 
systems. 
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Table 4.5 omparison of influent wastewater qual ity entering SBR to Anaerobic/Aerobic 
system. 
Param eter SBR (ppm) Two-Stage System (ppm ) 
Oil & Grease 1 50 5 00-7 500 
TSS 300 600- 1 1 ,000 
IDS 2250 1 ,200-8 500 
BOD 7,933 1 ,000-6,000 
COD 1 4,293 4,000- 1 2,000 
pH 4- 1 0  5- 1 1  
Some metal traces were also found in wastewater in the SBR plant, but unlike our two­
stage plant, the concentrations remained almost unchanged during the treatment process. 
Looking at Table 4.6 below, we find that some metals, such as copper, zinc, and nickel 
are even higher in SBR than the highest concentrations found in the two-stage system. 
Nonetheless, concentration in the final effluent water and sludge ( see Table 4.7) in both 
systems remain wel l  below the Dubai Municipality discharge standard (refer to appendix 
4 for DM standards) . 
Table 4.6 Metals detected in wastewater ill both SBR and acidogenesis phase of 
anaerobic/aerobic treatment plant 
Metal SBR (ppm) Acidogenesis Phase (ppm) 
Cu 0. 1 8  0.06 
Zn 0.69 0.22 
Ni 0. 1 4  0.02 
Cr <0.0 1 0.0 1 
Pb <0.0 1 0.02 
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Table 4 .7 Metals detected in final sludge of both SBR and two-stage anaerobic/aerobic 
treatment plant 
Meta l SBR (ppm) Two-Stage System (ppm) 
Cu 4 .94 2 .50 
Zn 1 1 .03 230.4 
Ni  0.45 1 5 .88 
Cr 1 .04 33 .58 
Pb <0.0 1 20. 1 
The final effluent water quality results for both SBR and Two-Stage Anaerobic / Aerobic 
treatment plants are compared in Table 4.8 below. The fmal effluent seems to be cleaner 
than our two-stage system, but if we take into consideration the space occupied by each 
p lan and the set-up costs involved, we fmd that both plants are efficient. Moreover, the 
SBR waste is treated to comply with marine discharge standard which is more stringent 
than sewer discharge standard, to which the anaerobic / aerobic treatment system is 
treating. 
Table 4.8 Comparison of final effluent water quality of SBR with two-stage 
anaerobic/aerobic treatment plant 
Parameter SBR (ppm) Two-Stage System (ppm) 
TSS 24* 45 
IDS 2250* 1 570 
Oil & Grease < 1 .0 22 
BOD 1 2  98 
COD 88 248 
Cu 4.94 2.50 
Zn 1 1 .03 230.4 
N i  0.45 1 5 .88 
Cr 1 .04 33 .58 
Pb <0.0 1 20. 1 
* Values for treated water before sand fi ltratIon. 
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Chapter 5 
Conclusions and Recom mendations 
The anaerobic / aerobic wastewater treatment technology for treating the effluent 
wastewater from a food plant in Dubai was evaluated. This wastewater treatment 
plant is operated under nonnal c limate and control led pH conditions. A two-phase 
anaerobic process has its advantages over a single phase as demonstrated in Chapter 
2. 
The following conclusions were drawn after analyzing and discussing the results: -
I .  The two-phase cont inuous flow anaerobic treatment fol lowed by activated sludge 
aerobic treatment proved to be espec ially suitable for UAE and Arabian Gu lf 
climates. Since the heat of the inJet wastewater and the atmosphere is enough to 
provide an adequate treatment for the type of waste under investigation. 
2. The treatment p lant has been surveyed for two years under d ifferent loads and 
various seasonal and cl imatical cond itions. The treatment plant has shown 
variations in performance depending on cl imate conditions and ambient 
temperatures. The anaerobic treatment stage was specifical ly sensitive to ambient 
temperature, as it perfonned much better in. the hot seasons than in the cold 
season. This was obvious from the VOCs analysis, as the concentrat ions of VOCs 
detected in acidogenesis reactor in the summer was much h igher than that detected 
in winter months. 
3. A lthough the wastewater was pure ly organIC industrial waste, some metal 
elements were detected in the system,  which final ly accumulated in the sludge. 
The metals were sourced back to pH controller and addit ive added during the 
treatment. 
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4. The preservation time for uch wastewater has a great influence on the analysis 
re u lts obtained . As degradation take place in the sample bottle even if the sample 
wa kept chi l led all the time. As chi l l ing the sample m ight reduce the degradation 
rate, but does not stop it completely. 
The results and conclusions reached in this thesis lead us Lo recommend the 
following: -
1 .  The biogas produced from the anaerobic d igestion of wastewater could be used 
benefic ia l ly, by heating lip the influent wastewater in order to reach the desirable 
thermophi l ic temperature. Since the b iogas generation is directly related to 
organic loading, wastewater with h igh organic loads could be treated at 
thermophi l ic conditions, i f  b iogas is effectively col lected and used for influent 
temperature control. 
2. Additives used in wastewater treatment m ust be careful ly selected, since it could 
introduce inorganic impurities and metal toxins into the system and affect the 
treatment efficiency. These impurities at the end wi ll have to end up in the sludge 
or in the treated water, affecting the fmal effluents quality. 
3 .  When organic sam ples are collected for analys is, special care must be taken if  the 
samples are to be transported for a long d istance or stored before analysis. 
Samples could deteriorate eas i ly leading to unsatisfactory results when analysis is 
fmal ly carried out. 
4. The preservat ion time for such wastewater need to be shortened as much as a 
researcher can to avoid m isleading results. 
5. The comparison made between the two-phase system and the SBR system lead us 
to recommend the two-phase system as an affordable substitute for treating h igh 
strength, low volume, and low consistency wastewater at situations when you 
have lim ited space and budget. Whi le the SBR system is more adequate for low 
strength, high volume organ ic wastewater. 
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6. Future tudies on two-stage anaerobic/aerobic p lant with two-phase anaerobic 
treatment must take the following points into consideration: -
(a) Complex composite samples must be colJected and analyzed to verify our 
resu Its and draw fmal conc lusion . 
(b) Total analysis need to be conducted for aU samples collected to better 
understand the process performance. This wil l  be beneficial for further 
stud ies and developments. 
(c) Biogas measurement and analysis need to be considered, to evaluate the 
exact volumes of biogas released from anaerobic decomposition under 
the e circumstances, and to find out the exact composition of the b iogas. 
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Appendi x  1 
Wastewater Analysis Results 
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3.Method Detection limit (MOL) for Protein by tltrlmetry Is 0.0006% 
. IJ.l 
H.p/.nDlo Acid (mg.4/ rolll FIt. (mfllL) " Pro/.ln' " Sug.,., ' �. 
<IOL 24960 0 020 <MOL 
<IOL 254 00 0 023 <MOL 
0 39 89 00 0 01 2  <MOL 
0 40 87 50 0 009 <MOL 
<IOL 5 80 0 0008 <MOL 
<IOL 6 1 0 0 00097 <MOL 
<IOL 2 1 0  <MOL <MOL 
<IOL 1 90  <MOL <MO L 
--' 
Sample point # 2-A 22/3 @ I :00 PM 385.87 
Sample point # 2-B 22/3 @ l . 00 PM 387.66 
Final Tank Sample poi nt # 4-A 22/3 @ I :  00 PM I 1 44.62 
Final Tank Sample point # 4-B 22/3 @ I :  00 P M  1 45.98 
Sample point # I -A 22/3 @ 1 : 00 P. M . 554.35 
Sample point # I -B 22/3 @ I :00 P. M . 553.39 
Sample point # 3 -A 1 : 00 PM Methane OUllet 456.67 
Sample point # 3 -B 1 : 00 PM Methane outlet 457.20 
Note: 1.  All units are in pgl/ 
Central Laborator ies U n i t  
U A E  U n i vers i ty 
1 68 . 86 7.94 1 1 .56 
1 69.50 7.50 1 1 .98 
205.84 1 .57 4 . 55 
203.49 1 .34 4 . 90 
1 73.82 1 .85 9.06 
1 7 1 .89 1 .89 8.96 
1 1 3.27 2.42 1 2 .89 
1 1 2 .98 2.88 1 2 .20 
5 1 .49 1 8.04 7.25 327.34 
52 0 1  1 8.75 7.34 326.94 
8.93 1 3.67 2.06 83. 1 0  
8 .49 1 3.50 2. 1 8  82.98 
48.96 1 2.66 8.87 824.30 
49.30 1 2 .20 8. 50 826.69 
55 97 1 9.24 8.20 2 1 3.44 
54.09 1 9.39 8.29 2 1 2.93 
� 
PropionIc Acid (m(/ll.) I Butyric AcId (m(/ll.) I .- '"  
� 
S.mplc pohl ' I.A 16<6 .. 11:00 04,"1 '''"0. \\ .,It 0 200 0 34 
C;lmplr polllli '  1·8 161' (a; 11 00 AM 1""0" \\ utt 0 224 0 32 
-
S�I!'rlt poIR" 1-04 ''''  ( •. 1 1 00  AM Pru("htlnnflofll 1 uk 2 590 23 1 8  
51"'pl, po/"" 1�8 161' ... 1 1 00 A M  Prucldlnullon Tlnk 2 62 22 5 1  
(ampl, point � 'oA 11'.:6 1 1  on "'" Mflhullio" Tu" 0 1 32 <IOL 
-
'-,mplt poln' " J.8 1 6:6 11 00 AM MrlhOl"ltlon Tank 0 1 20 <IOL 
FInal Tank S.mpl, ptlln' " 4·04 1 6'6 'n 1 1  00 A M  <IOL <IOL 
-
Flul TI"" S'",plr pol", . 4-8 1616 " 11,00 "fi' <IOL <IOL 
t,  Me'llod Derecllon Lim/l (MOL) lor Sugars Is 0.2",. 
2 GC ISlrument Detection Limit (loL) 01 the applied method lor fatty acids In water Is 0 07 mg/L. 
Totol KJeldahl Nitrogen (TKN) lor Tolal Nitrogen Is carried oul by titrlmetry 
Mell,od ootoction limit (MOL) for OIl&G,e.so In Water Is 1 .6 mglL 
) � /6 / z.o o l 
Centra l Laboratories U n i t  
U A E  Univers i ty 
Results of Waste water 
V./MC Acid (m(/ll.) ' Hex.nolc AcId (m(/ll.)' Hepr.nol. Acid (m(/ll.) '  
0 65 0.3 1  0 28 
0 69 0 39 0 24 
48 26 23 50 4 0 1 
47 39 23 80 3 35 
<IOL 0 1 29 <IOL 
<IOL 0 1 25 <IOL 
<IOL <IOL <IOL 
<IOL <IOL <IOL 
Tor.1 F.ls (m(/ll.) 01/&0,. ... (m(/ll.) , U Sug.� ' TKIoI (mott) , ' •. :� � 1 'FrM  .. �,. 
348 20 <MOL 4 03 1 1 5  
1 1 60 
32 1 90 <MOL 3 74 1 1 4 
95.70 <MOL 7 25 1 .05 
6 1 0  
1 1 6 60 <MOL 5 80 1 00  
8 00 <MeL 107 95 90.60 
<MOL 
7 1 0 <MOL 109 23 91 00 
1 60 <MOL 2 04 1 05 I <MOL 
1 40 <MOL 2 23 1 1 0 I 
Central L aboratories U n i t  
UAE Un ivers i ty 
Results of Waste water 17/ 11/2001  
$�lI1J1i" ID j:ircPJrinfc. Ac1d {molLY . SUfyric.Acid {'PQ#;' y .. t"r;i, Add (mglLr· Hwmaid: At;;li:J ('Pr;ILJ ' ''HeptatTalc. Acid (mr;If.J' Tafa; Pa.fi; «;"flILI Qf!&Gt'MSfi rtf:td;Ll ToW Prafetn (�) TKN (mfJlLl' Free AmmoniB, ppm 
l 7SI�· ""11I'I. po,nt It L-AlrhroI1l/A SIICPI200 0 1 6 0 28 0 53 0 42 0 25 300 60 9 80 0 004 6 90 
;) 07 
l75/S-"'lIIplc pOint # I - BIChroIllIA SIICP1200 0 1 4 0 27 a 50 0 39 0 23 298 30 9 1 0 a 005 ;- 60 
L 75/S-"'"'pl. pomt #. 2-AlChroml/\ASIICPI200 1 . 85 1 3 7 1  3 1 94 1 3 04 4 72 86 90 7 30 0 04 1  64 90 
0 04 I 
L 7SIS-sample point # 2-B/Chroll,IA SIICP1200 1 89 1 3 49 30 60 1 2 99 4 7 1 90.50 6 50 0 038 60 40 
1 7SIS-.nlllpl. point # 3-AlChroIllIA SIICP1200 0 1 1 0 08 0 09 0 1 3 < I OL 6 40 <MOL 0 092 1 46 60 
1 26 00 
l 7 SIS-sal1lple point # 3-BIChroIllIA SIICP1200 0 1 3 0 09 0 1 0 0 1 4 <IOL 5 20 <MOL 0 087 1 39 1 0  
I 75/S-'.l1Iple point # -I-AiChroIllIA SIICP/200 <IOL <IOL <IOL <IOL �IOL NO MOL 0 002 3 20 
45 00 
L 7SIS-sampl. po lOt # 4 - B IChroIllIA SIICP1200 <IOL <IOL IOL <IOL IOL NO <MOL 0 002 2 89 
-
1. GC Method Detection Umlt (MDL) of the applied method for farty acids ill water is 0.07 mg/L. 
2. Total Kjeldahl Nltrogell (TKN) for Total Nitrogen is carrIed out by titrimetry. 
3. Method DetectIon Limit (MDL) for OIl&Grease in Water is 1.6 mglL. 
Sampl(;} JD .:;.,. ':::; .: . .  
o 1 75/S- 1 -Chroll1/ AAS/TC P/200 1 
0 1 7  5/S-2-Chrom/ AAS/IC P/200 1 
o I 75/S-3-ChromJAAS/IC PI200 1 
o 1 75/S-4-Chrom/ AAS/ICP /200 I 
o 1 7SIS-Urea-ChromJAAS/IC PI200 1 
0 1 7  SIS-Sodium Hydroxide-Chroml AAS/[C PI200 1 
i , .,:·:2:::mJ) :·;·· /nstNJn1fJnf DetectloH:l..frfiits " <: ;::::;:: ::: : <" ; 
Note: 1. All units are in 119// 
AI 
1 78 1 0  
278,50 
1 23 1 0  
1 5 1 0  
84,30 
1 91 21 
Cen tra l  L aborator i es U n i t  
U A E  U n i vers i ty 
Results of M et a l s  in  Waste water  
: . ,; 
8a. Cd Cr 
33.60 < 2 0  7 20 
-- -----
45,50 < 2 0  1 1  1 0  
-- - - -
26,30 < 2 0  4 20 
7.20 < 2.0 1 .40 
1 1 . 49 < 2 0  55.85 
1 7 1 5  < 2.0 40.59 
:�:/ :;.; Cu 
1 5 00 
63 00 
33,30 
< 2 0  
29 7 1  
87 0 1  












1 1/1 1 /200/ 
Ni /: Pb Zn 
8.90 5 1 0 54.60 
21 .30 -
.... - -




' r-- � 08 00 
9 20 1 80 
4 1 62 1 1  46 
1 25 . 4 1  2 1 3. 9 1 




4 1 86 
- +---
Jw 1 1 2 28 
" . :. :, :::,: � 03-'- 'I 
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AL�01Y · STANGER lABORATORIES 
I n�.pendent TestIng La borator lea . 
and MaterIa ls  Con.utt.nt. · 1  
. C L I E � T  
. . ,  -
TEST REPORT 
RENTEC 
I� 16" ' l:'\:' ... '· , '��li��-� � .. a., � t • h ...; I � ' ... �d 
�� �"PJI �I� 
I aJi.l..- � vl� J I...pJ J� 
[ 
ANAL YSlS 0: WASTE WATER 
I 
Repo rt /'110. DR-76 1 3 1  ReJ?.� rt d a t e  : 1 7/0412000 
Sa mple No. ; OS-04 82 7 1  S a m ple con t a i n e r  : Plastic bott le  
Nann & d e s i a n a t l o n  Ren tec Rep. 
o f  s a m p l i n g  officer S a m p le a p pe a ra n ce : Hazy 
Cl i ent ' s  Desc riDtion 
Sa mple  received on t i m e  : 1 1 /0 412 000 1 1 400 H rs. �o!e of s a mp l i n.g ...Qu a l l t}' e u rpo se 
Name & locst lon of : Sevi l le  Prod u c ts,  A I  Quoz T e l t  method : Sta nda rd Method (or t h e  
s a  m ple�..E.:e.!"is��_. -- .... _-- - -- . -- - _ .  ExamlDstloo of Wa te r & 
Preci e s am pl ing  �ca t ion _ _ : F i n a l  t ll n k  W a s t e  Water, . -- _ . _ . _. APH A WWAIWEF, �& t I m e  of s a mpl i n�_�_1 l /041200 I_09�O H rJ. 20th Ed i t ion .._ . 
Sa mp l i ne m et h od : _.Not gi'!.� _ . _ _ _____ _ Test dRtes : 1 110412000 to 1 6/0412000 
Temp. o f  t h� samj1le _ __ : _ _ Not  giv en _ _ _ _ _  �_._ -
On-s i te  trea t m e n t  
Resul t s  : 
a r . m efUl 
. 'ot iven 
te�t mfthod ta 
A PlLA 45 00 - l(lJ 8.69 
�----�--- --------- -----------+------------�------�----� � ------� 
Chem iclI l  O X Y  t n  D e m a n d  
I SIO C h t m icil l  De m ll n d  5 daH li t  20DC 
" 
154 0 - D 34 
2540 - C  3 1 40 
5520 - B 8 
5))0 - 8 514 
5)]0 - B  1 60 
4500 - NHJ B & C 1 . 6  
1 . 9 
0.04 
LT 0.01  
0.03 
LT 0.01  
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. S A GER LASORA OR IES 
ndependent Test i n g  La borator ies 
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�� ��\ wIJ .' -, ;. ¢ 
� � ul_� 
.J I .,..., j .) L.:.:i......... ...9 
L I ' 'T VI L L E  PRODUCT LTD. CAL QUOZ) 
ALY I OF WA TE WATER 
Time 
Temperature 
fter  water treatment, 
F ina l  ta n k  
3 1 10712000 
1 600 H r  . 
40·C 
Te t method 
06/0712000 
A TM D 3370 : 1 995 
1 L. P last ic bott le 
H azy 
tandard M e t hod fo r the Exa m l nanon 
of Water & \\ 3 te \\ a ler. 
PHi A WW V E F, 10" Edition 
On- Ite treatment a mple transported In I ce  box Te t da tes 
Re ' 1 / t · 
___ -=-=-=.:::-=--:=-::..:=.:c= __ • .  . _  
Man anese  
Cad m i u m  
LT ' Less than 
Resu lts 10 mg/L where appropriate. 
Test method variation : one 
ThiS test is not accredited b) Dubai Municipal ity 
- -,- ---------r------L __ rEST M ETHOD 
A PHA 4500 - I1B 
RESULT 
8.89 
2540 - D  45 I 2540 - C  ] 570 j 
SPECIROl\IETR 
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n d e pe n d e nt Test ing la b o r ator ies 
t n d  Mater i a l s  C o n s u ltants TE T R EPORT 
2...li:........ � .:"I� 
..) I __ � ..; .; L..:U........., j 
L I EKT EVI L L E  PRODUCTS (A L QUOZ) 
T i m e  
ANALY I O F  WA TE WATER 
Final  Wastewater t a n k  
1 6 08 2000 
1 530 H rs. 
Test m et h od 
22/08/2000 
ASTM D 3370 : 1 995 
Pia tic bott le 
Haz 
la ndard Method for t h e  Exa m i n a tion 
o f \" a ler & Wa te "'t ater.  
A PHAf W\\ AI\'t EF. 10'b EditIOn 
, On- ite trea t m e n t  1 6/0812000 - 2 1 108/2000 
Re u J t  
C - P-ARA-I-F.T-l:.H- -- TEST METH��-=r _..:..:RE=�� 
pH a t  15·1... _ _ __ __________ -i-�A�PHA 4500 - n B 8.62 � 
Tota l Suspended Sol ids (TSS) I " 2540 - D 46 
Tota l D isso lved Sol ids at 1 80·C (TDS) " 2540 - C 280 
Oil & G rease (E m u ls ified)  5520 - B 24 
Chemica l  O'I.Vgen Demand __ ->-(C::....O::....D.c....L-) __ _ -+ ___ "_--=50.::2-=.2::....0_-.::B ___ .-____ 56_0 ___ < I BlOchemlca,  0 ... . gen De;;'�nJ- (BOD) " 5210 - B 220 
(5 days Ii: lO·C) 
Copper 
N i ckel 
Zinc 
Chrom i u m  
Lead 
Manganese 











(Pb)  " 
(M n )  ,. 
(Cd) " 
0.04 






LT Less tban 
Results in  mglL where appropriate. 
Test method variation ' one 
Irm Page 1 of I 
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n d  M a ten a l s  C o n s u lt a n ts 
�------------------------------� � �  �I� 
LIE. 'T 
am pled p re m i  e 
E V I L L E  P ROD UCT LTD CAL QUOZ) 
, LY I OF WA T WATER 
a m p le c o n ta i n e r  1 L .  Plast ic  bott l e  
a m p le a ppea rance 
Final  \\a tewater ta n k  
J I� j .i �j 
PrecIse samp l Ing 
locat Ion 
Date 
T i m e  
( fter t reat m e n t )  T e s t  method 
1 -,09/2000 
1 030 H r  
ran d a rd M ethods for the  
E:l.ammat ion  of \\ ater & Vr astewater 
AP I-lA 'A \\'\1\ A 'EF; 20'h Ed i t ion 
Temp rat u re 35 C 
On- lte t rea t m e n t  a mple transported I n  Ice bo). Test d a t es 1 7/09 '2000 to 2'2/09/2000 
� ____ � ______ ___ ___________ __________ ���4�5�0�0_-�il�B 8.5"; 
- --.- -- -- 2540 - D 
2540 - C 
::." h ----- -----.::..::..:.----
Che mica l  O'\ \ge n  D e m a n d  
BIOchem i ca l  O'\ygen D e m a n d  
- d r:: " o"r L:) 3 '_S a - - I 
\ [ D..... " 
(Em u ls ified) 
( COD) 
5520 - B 
5210 - B 
52JO - B  
>---- :Yt ET A LS (A TOl\I I C  A BSORPTTON SPECTROM ETRy) 
Copeer , 
� ickel  
Zinc 
Chrom I U m  
I Lead 1 1\ langan ese l Cad m i u m  
LT ' Less than 
Results in m gIL where appropriate. 
Test method variatIon : one 
(Cu i A PHA 3/ / / - B & C 
(Ni)  I " 
(Zn ) I " 
(C r)  j " 
(Pb)  I " 
(Mn)  I " 
(Cd) I " 
2S�( 
1 8  
I 
, 0.05 I I 0.0" I , 
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HOTY · S ANGER LABORATORIES 
:k pendent Test ing labo r a t o r i e s  
d Mat�r ia ls  Consuttants  
�� ��I UI,; .L-\ ; 4 
----T--T-RE-P-O-R-T-'""'==�- � � wl� 
JI.,......J .J� J 
L I E :\ T  E\iOl L L E  PRODl'CTS LTD. (AL QUOZ) 
o - s l t e  trea t m ent 
[ 
A:\ALYSl  
-\H R t' p  I n  p r���nc� of  
e \  l i l t'  Prod u cts  Rep. 
1 9 . 1 1 . 2 00 0  
1 "00 H r . 
Report  d a te 
a r(l p h n g  m e thod 
p m p l e  c o n t s l n e r  
2 
TER 
a m p le a p p e a r a n c e  
T est m et h o d  
J 
25. 1 1 .2000 
A T :vI  D JrO : 1995 
t n n d n r d  \jetlled> fer the  L. x a m l n a no n  
_1 � l �OOO - 24 . 1 \ . 2000 
- - - --.� - . .  �r" ""'----' '--" , - - � --- , " -
P�I\R-\�fi,'TERS " 1 't];S..'JT 1\omtROl} _�sm1!S 
-- - --
1 0t a l  u5pell d��hl . -
-l otR I  DIS oh I ' ol i d s  <I t  I RO ( -- -
C h e 01\ c a l  O\\gen De m a n d  
B I O c h e m I c a l  Ox. gen D e m a n d  
(5 d a \- E· 2 0  C) 
Copper 
Z i n c  
C h rom I u m  
Lead 
... �langanese 
Cad m I U m  
T ' Less th an  
• esu lts In m g  1... v, here appropr late 
� s method \ ariatlOl1 �o 
�h lS report rela es onl:;­
\ prova!  of AH La 
lead of  
1 .., �) 
I J D_) 
(Em U IS lfied� 
( C O D} 
(BOD) 
A PHA 4500 - H-B - . .1 1 . -,------'-'-'-
/ ,  i 5  2 / 
, . 2 5 4 (1  r 1 3 1 0  -- - -
5520 - B 2 
, /  5220 - B 
521 0 - B  no 
APHA 3 1 1 1  -CII B 0 , 0 5  
3111  -NiB 0.27  
/ /  3 1 1 1  -Zn B 0. 1 4  " 3 I l l  -CrB 0.63 
/I 3 I l l  -PbB LT 0.0 1 
// 3 1 1 1  -/H,tB 0 ,08 
/ I  3 1 1 1 -CdB LT 0 . 0 1  
b e  reproduced t n  ful l  and  \\ Ith the wntten 
ul Pa e I of 1 
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Appendix 2 
Sludge Analysis Results 
75 
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L 0 . S A GER  LABORATORIES 
ld e p e n d e nt Testi n g  La b o rator ies 
nd Mate n a l s  C o n s u ltants TE T RE PORT 
",,�� �-b.r:J1 w IJ:; ;' 0 
� ,-,� wl� 
.J1� j .)�J 
L I  �T E VI L LE PRODUCT LTD CAL QUOZ) 





Final wa te from 
treatment p lan t  
09/09/2000 
0930 H r  
Te t method 
1 6/09/2000 
Com po ite 
Pia tic bag 
Black colou red sludge 
I .  tandard \ I e t hod of Chemical  
A n a lysl F.J .. \\ elcher 
� D.�l'  E.P . . .  T.G.L.#23 
3 A to m i C  A bsorplJon pect rometn 
4. landa rd \ I e t hods for Ihe 
. 
E x a m i n a tion of \\ ater J.. W aste" a t e l  
1-- ---------------------+-------- -- _ A P I W,\ \\ \ MY E F :  20" Ed lOOI 
On- He treatment  ___ -=-3_m-'p"-l_c t r a n s� rted I II ice box I Te t dates __ _: _ 0_9/09/2000 to 1 4/09/2000 
Re. ult-- --
[ -- -Pa rameters 
I eH at  35 ·C ( 1 :  1 water extract) 
Conduct ivity at 25 ·C ( l : 5 water extract) I .  . MOIsture, 0'0 b) weight 
Organ ic  matter at 550 ·e, % by weigh t 
Oi l  & grease (so lvent extract ion), mg/kg 
Chem ical Oxvgen Dema n d  (COD), mg/kg 
Biochemical  Oxygen Demand (BOD), 
(5 davs (ii) 20°C) 
- --- ----- --_ . 





M ETALS (ATOMIC A BSORPTION SPECTROM ETRY) 
Parameters 
Copper (Cu), mg/kg 
Nickel (N i), mg/kg 
Ch rom ium (Cr), mg/ko 
Lead (Pb), mg/kg 
Ma nganese (M n), mg/kg 
Cad m i u m  (Cd), mg/kg 
Z inc  (Zn), mg/kg 
L T : Less than 
Results In  mgIL where appropriate. 
Test method variation ' '�O�::::::::::::::::--..... 
Leachable Fraction Total Concentration  
(mglkg) (mg/kg) 
LT 0.0 1 2.50 
LT 0 . 0 1  1 5.88 
LT 0.01 33.58 
LT 0.0 1 20 .1  
LT 0.0 1 62.98 
LT 0.0 1 LT 0.0 1 
0.03 23004 
and shal l  only be reproduced in full and with the wrmen approval of AHS 
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L iT' · Si A GER BORATORI ES  
n d e p e n d e nt Test i n g  la b o r a t o n e s  
m d  M a t e n a l s  Consu l t a n t s  
L I E�T 
�: 
T E  
V I L LE P RO D U  
: � 
AL� I OF 
RE PORT 
� �  ,...b � 1 w lJ . -. ") , 
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LT D.  CA L QUOZ) 
LUDGE MPL�:':: 
JI 
Report No. D R-9 1 -23 Report d a t e  02/09/2000 
o. 
n- ne t r ea t m t!n l  
Re u l t  
o -06 1 639 
F i n a l  \Va te fro m  
t rea t m e n t  p la n t  
26 0 2000 
1 600 H rs.  
a m p le  r ransported In .cc boo T es t  d ate 
Compo ite 
Pia  t i c  bag 
B l a c k  colou red l u dge 
1.  13ndard \ / c l hod; of Chemical  
\ n a l � SI . �.J. \\ elcher 
:!. \lomil -\ bso" [l l l/  n . [leclrO m e l r� 
3 l � n d a rtJ \ I .- l h"ds I u r  I he  
� ' l lI1 l n :l l ln ·)f '.\ a l , r � \\ asle\\ a ter. 
\ P I I " \ \ . \  \:\\ E. :CU" E d i l ion 
. 1 . C . [ .#:!3 
i-- P \ R..-\ M ETER I 
I pH at 25·C (1 : 1 \�ater exrrnct\ 
._-+-___ ____ RI.: L LT. 
I 8 . � c!  - --
Cond uctl\ I t" at 2S·C ( ) : 1 warer extrnct)  m s/cm I 3.85 
Moisture conrent ,  % b" \ \  eight  I 33.3 
Organ ic  matter a t  550°C. %b\ welo hr  I 58.4 
Oils & orease (so lvent extract ion). mg/� I 26� 1 
Chemica l  Ox,oen  Demand  (COD), m o/ko I 1 1 3890 
Biochem Ica l  Oxygen Dem a n d  ( BOD) 32000 
(5 days ra: lO·C) 
M ETALS (ATOM I C  A BSORPTIO�PECTROM ETRY)
-
Tota l  Concentrate  Leacha ble Fract ion 
Copper (Cu ), mglkg 74.7 LT O.O]  
�ickel  (� i ) ,  mg/kg 9.44 LT O.O)  
Zi nc (Zn), m olko I 349 0. 1 9  
Chrom I u m  (Crl ,  mg/kg 32.9 0 .44 
Lead ( Pb). mg/ko 22 .5  2.22 
Manganese (;\I n), m o/ko 47.5 1 .24 
Cad m i u m  (Cd). mg/kg 0.29 0.03 
Resu lts in mgJL where appropriate 
LT Less than 
Te t method variat ion : 
This report relates only nd sha l l  onl) be reproduced in fu l l  and with the written 
appro\al of AHS La ato 
FAX : (04) 3472727 
E-Ma i l : a l h oty@em i rates .net. a e  
IA\ fJI eU FS 45701 OOJ 
ISO 9002 CERTIFIED 
I I I  
L. , ' .  Si ' N · :R �BO -- --
1deoen dent Test i ng La borator ies 
n d  ,Vlater i a l s  C o n s u ltants TE T REPORT 
LIE T EVILLE P RODUCT LTD. CAL QUOZ) 
ANAL YSI  OF LUDGE SAMPLE 
Final Waste form 
t reatment  p lant  
02/08/2000 Test method 
1 700 H r  . 
_=--________ S_a_'n...Lp.l .c_t_I_3 n_s...Lp_o_rt_e d in ice bo;\. Test date 
Re u lt 
PARA l\olETERS 
pH at 25°C (1: 1 water extract) 
Conductlyih at 25°C (J: I water extract) ms/cm 
Moisture content, % bv w eight 
I Organic matter a t  550°C, %by weight 
Oils & grease (solvent extraction), mg/kg 
Chemica l  Oxygen Demand (COD), mg/kg 
Biochemical Oxygen Demand (BOD) 













Pia tic bag 
Black colou red s ludge 
I .  Sta ndard Methods of Chem ical 
A n a lYSIS, F.J. Welcher 
2. A tomic Ab orption pectrometry 
3. ta ndard M ethods for tbe 
Examin ation o f \\ater & Wastewater. 
APHA :AWWi\ :WEF: 20lh [dillon 
02/0812000 to 07/08,'2000 
---
M ETALS (ATOMIC ABSORPTION SPECTROMETRy) 
Copper (Cu), mg/� 
Nicke l  (Ni), mg/kg 
Zinc (Zn), mg/kg 
Chromium (Crl. mg/kg 
Lead (Pb). mg/kg 
Manganese (M n). mg/kg 
Cad m iu m  (Cd). mg/kg 
Resu lts in mgIL where appropriate. 







LT 0.0 1 
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For Al Hoty tange ....... ..... ,v ___ ��,.... 
E-Mai l : a l h o ty@emi rates. net.ae 
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FAX : (04) 3472727 @I FS 45701 003 
ISO 9002 C E R TIFIED 
Appendix 3 
Dubai Municipality's Wastewater and Sludge Discharge Limits 
(Source: Local Order No. 6 1 1 1 99 1  on the Environment Protection 
Regulations in the Emirate of Dubai)  
79 
PAR.-\l l ETER 
Not to exceed 





�B .O D 
::C.O.D 
.O&G - Emuls i fied 
O&G 
�Phenols  
I ''ion-chlor.pest i c i des 
A.. m mo n i a  as N -
Total N 
Jr!!. N - K i edhal 
rotal or!!an ic carbon 
Total su Iphates 
3 u lph ides as S 





I.:h lorine - res idual  
Jhosphorous (P) 
I .Jeter!!ents 
I lfotal metals  
'.\ I u m i n ium (AI)  
A rsenic  (As) I 
IBarium ( Ba) -
!8erv l l i um ( B e) 
80ron ( B) 
_ Jd m i u m  (Cd) 
� h ro m i um ( C r) 
=oba l t  
=opper ( C u) 
I ron ( Fe) 
_ead ( Pb) 
.v1agnes i u m  ( M !!) 
, .v1an !!anese ( rvI n) 
.v1erc u rv ( H Q.) 
l ..v1ol vbdenum (Mo) 
( ·".J ickr l (N i )  
�oelen i u m  (Se) 
i ; i h er  (A!!) 
�od i um (Na) 
:: i nc (Zn j 
�eacal C u l i forms-
.1�N/ 1 00 m l  
� ross A l pha/Beta 
DM \ A TE WATER & LUDGE D I  CHARGE LIl\tOT 
S E W E R  mg/I LAN D  mg/I I MARIN E  mgt l Drip Spray 
6 - 1 0  6 .0 - 8 .0  6 .0 - 8 .0  6 - 9 












1 0  
. -
I 
1 0  
3 0  
3 0  
1 0  











_ . . 





5 0  





5 0  
1 0  
200 
0 .05  










0 .0 1 
0 . 1 
0 . 1 
0 .2 
2 . 0  
0 . 5  
1 00 
0 .2 
0 .00 1 
0 .0 1 
0 .2  
0 .02 
5 00 
5 . 0  \ 
5 00 I. 
1 000 
1 0  
1 0  
















I 0 . 1 
2 . 0  
0 .0 1 
0 . 1 
0 . 1 























1 0  (on shore fac i l iry) 
40 (off shore fac i l i t\ )  
. .  -
0. 1 
2 .0  
75 
0 . 1 0  
0 . 1 0  
1 .0 
0 . 1 
0.05 
0 .50  
0 .50  
2 .0 
0 . 1 0  
0.00 1 
0 . 1 0  
0 .02 
0.005 
0 . 1 0  
1 000 
















1 0  
2 0  
�OO 
1 000 
I )ct iv i tv Bq/I 
I B :  T h i s  is on ly an extract of d ischarge l i mits spec ified i n  d ra ft new local O rd e r  and does not cover a l l  condit ions 













D U BAI  M U N I C I PALITY 
ANNEX I I I  
L I M I T S  FOR D I S P OS AL OF SLUDG E 
ALL U N I T S  AS GRAMS P E R  TON N E  LONG T E RM  C UM U LA T I V E
'
: 
L OAD I N G ON LAND 
L i m i t s  
P a r a tne t e r  ( n o t  grea t e r  t h an ) Kg s . p e r  H e c t a r e  
Cadm i u m 3 0  1 8  
C h r om i um 1 0 0 0  2 1 0 
C o ba l t 1 0 0  3 0  
Co p p e r  1 0 0 0  4 6  
Lead 1 0 0 0  1 2 5  
Mo l y b d e n um 2 0  5 
Mer c u r y  1 0  1 5  
N i ck e l  2 0 0  7 8  
Z i n c 1 0 0 0  1 7 0  
R 0 1 2 9 1 0 1 , KP 3 3  
Appendi x  4 
Process Flow D iagram for Anaerobic/Aerobic  Treatment at 
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Appendix 5 
Analysis of Wastewater Treatment i n  a Sequential Batch 
Reactor Plant 
85 
. STANGER LABORATORIES 
�ndent Testing Laboratories 
.ater ia ls Consu ltants 
�u.., ��I uIJ! ·' ;. 0 
T E  T R E PO RT 
R E N T EC 
leport �o. 32764 Report date 
ample No. 28497/8/9 Sample container : I :/ ame & de ignation Rentec Repre entative Sa.;nple aj)pearance 
)f ,ampling officer Test methods : 
Client 's  Description 
�E.P�:��!_2�ing : Quality assuran<:e 
. arne & location of : California garden 
.�m Jl I ed .p rem L� ______ . ___ ___ .lG.':1lL�Q��).}A�� ___ . _____ . ______ 
I " reci se sampling Lift tat ion 
:,_�cati�!"!. _ _ _________ __ ___________ ___  
?�te & t!!f1e_I?�_ a_!!!p!�K�:���Q.9/99 Ll 0�.'..llQ.�'!"'.wo Hrs. __ 
�a!f1pl i!1z. meth�_q ___  : _��e<:!fi_�_q ___ . Test dates 
)n-,ite treatment Sample transported in ice box 
�e u l t  
Pa ra m eters Results 
pH at 25°C 4.08 
Total KjeldahJ Nit rogen 370 
Total Phosphorous (a's P) 63 
Ammonia Ni trogen 77 
Oil  & Grease �mulsified) 1 33 
Chemical Oxygen Demand (COD) 1 4293 
Bioc hemical 0 ) gen Demand (BO D) 7933 
(5 days ra. 20°C) 












Results I n  mglL where appropnate 
L T - Less Than 
(Fe) 1 .69 
(Cu) O. t 8  
( N i) 0. 1 4  
(Zn) 0.69 
(Cr) LT O.O t  
(Pb) LT 0.0 1 
(Ag) L T OJ ) }  
(AI) LT O.O t 
(Mo) LT O.O l  
(M n) 0. 1 4  
(Cd) LT 0.0 1  
.ua.::......... � ..:.I� 
..I1'}-"J J�J 
06/ 1 0/99 
Plastic bottle 
Brown colour 
1 )  Standard Methods for the 
Examination of Water & 
W aste Water, 
APHAlAWWAJWEF, 
19th Edition 
2) Atomic Absorption 
pectrometry 
29/09/99 - 06/1 0/99 
eproduced In fu l l  and WIth the \\ ntten 
( . t ) t v  '( V '( V . ..,.-Su . \ ,  ..,>':J , , '\  V 0 '\ -...J • ../' 
X 6 D U BAI U A ............ ::::::::=::';.r� .... �2201 , FAX : (04) 472727 P. O. BO 1 675 , I "  ' 1  
E - M a i l : a l hoty@em i rates . n et . a e  ISO 9002 CERTIFIEO 
TV • STANGER �BORATORIES 
-:>endent Testing Laboratories 




T E  T RE PO RT 
R E N T E C  
�� ��I �IJ !-I ;' 4  





(port No. 1 797 1 Reoort date 22nd June 1 999 
mple �o. 1 490 .. Date & time of samoling : 1 6/06/99 - 1600 Hrs. 
.m c  & de ignation Rentec Rep. in pre ence of Sampling method ASTM D 3370 : 1 995 
-sampling officer AHS Rep. Sample appearance H azy 
_I rpose of sampl ing Quality Assurance Sample container P lastic bottle 
tme & location of Cal ifornia oarden (Gulf Te t methods : Standard Methods for the 
.'npled premises Food) JFZ Examination of  Water & Waste 
J ci e ampling Feed tank W ater, APHAlAWWAI WEF, 
'at ion 1 9tb Edi tion 
II-site treatment Sample transported in i ce box Test dates 1 6th - 2 1 ,t June 1 999 
u l t s  
Parameters Results 
pH at 25°C 5.36 
Total Suspended Solids (TSS) 3560 
Total Dissolved Solids at 180°C (TDS) 1 380 
Dissolved phosphorous (as P) 23 
Total phosphorous (as P) H 
Total  kjeldahl nit rogen 74 
Chemical oxygen demand (COD) 79 1 5  
Biochemical oxygen demand (BOD) 2 .. 50 
(5 days ii 20°C) 
suIts In  mglL \\ here appropnate 
..est method \anatlOn one 
his test IS  not accredIted b y  Dubal lUnIclpal tty 
tus report relates only to the sample tested and shal l only be reproduced In fu l l  and \V1th the wntten approval 
::- AH Laboratones ---
lead of Chemi t ry ection' 
o r  A l  H oty tanger Laborato ries 
un Page 1 of 1 
( . q lVWW . �u , ( .  q lVH .  \ : � ,  b�\ �."......-J\ dJL...'i\ , � '  r w o ", : ':"" ...,.,. 
P .  O .  B O X 1 6 7 5 6 ,  D U B A I ,  U .  A .  E . ,  T E L .  : (04)  4 7 2 2 0 1 , F A X : ( 0 4 )  4 7 2 7 2 7  
E - M a i l : a l h o ty @ e m i r a t e s . n e t . a e  
TY • STANGER LABORATORIES 
·endent Testing laboratories 
ateria ls Consultants 
ffEST REPOR1j 
II RENTEC ANALYSIS OF WASTE WATER 
� Repo rt N o .  1 8 1 84 Report date 
I�Sa m p le No. 1 5085 Date & T im e of 
sa mpling 
I' N a m e  & design a t io n AHS Rep. in Sa m p l i n g  metbod 
.of sampl ing o fficer presence of Rentec Rep. 
Pu rpose of s a m p l i n g  Perm it compl iance Sam ple con ta iner 
N a m e  & location o f Cal ifornia garden Sa m p le a p pea ra n ce 
sa m p led prem ises (Gulf Food) JAFZ 
P reci e a m pl ing Feed water tank Test met h ods 
loca t io n 
O n  ite t re a t men t : Sample transported Test d a t e  
i n  ice box 
Please fi n d  t b e  te t resu lts : 
Feed Water Tank 
Paramete rs 
pH at 25 DC 
Total Suspended Sol ids (TSS) 
Total Dissolved Sol ids (TDS) 
D isso lved Phosphorous as P 
Total Phosphorous as P 
Total Kjeldahl N itrogen 
Chemical Oxygen Demand (COD) 
B iochemical Ox.ygen Demand ( BOD) 
(5 days CO2 :WDC) 
Test Met hod V a riat ion : None 
Res u l ts i n  m g/L w h ere a p p ropriate  
T h is test is not accred ited by D u b a i  M u n i c i p a l ity. 
Thi report relate o n ly the sam ple  tested a k:::<rlTirr=ii�Mu> 
ap proval  of the  A H  bo atori  . /" . : �. ' r.�� . .'J.--�/ 
Head of C h e m ist ry Sec ion 
- For I Hoty t a nge r Laborato ries 
• ,:,' , _  =.:::...�, '11 ... ,. -r 
�L/ '1) cr:: -¥- ' ;) � � �. ,(jJ, 
�� ��l uIJ !i ;' 0  
� � .:..I� 
JI.,....-' .)�j 
II 
2 5 .06.99 
1 7 .06 .99/ 1 1 00 Hrs 
ASTM D 3 3 70 : 1 995 
P lastic Bott le  
Hazy w ith suspended so l ids 
Stand ard Methods for the 
Examination of Water and Waste 
Water A P HA ,  A WW A, WEF. 1 9th Edn 
1 7/06/99 - 25/06/99 
Results 
7 .32  
3 600 
1 620 
2 1  
2 8  
46 
5000 
2 1 00 
in fu l l  a n d  w i t h  the  w ritten 
Page 1 of 1 ��.'�_�" r;-.>'// :It -- , e:\ yo-( . q iVWW : �u . ( . i )  tV,\",\, .  \ : . r- _ .�I d.)L.'i1 , �J • nv o ,\  : �. lJ'"" 
P .  O .  B O X  1 6 7 5 6 ,  D U B A I ,  U .  A .  . : ( 0 4 )  4 7 2 2 0 1 , F A X  ( 0 4 )  4 7 2 7 2 7  
E - M a i l : a l h o t y @ e m i r a t e s . n e t . a e  
ITY . STANGER LASORA TORIES 
endent Test ing Laboratories 
aterials Consultants 
TE T RE PO RT 
I E  T R E N T E C  
Test dates 
S B R - FI LTRAT E 
Parameters 
pH at 25·C 
Total Su pended Solids (TSS) 
(in supe rnatant sample) 
Tota l  Dissolved Solids at 1 80·C �TD�) 
Tota l  Dissolved Phosphorous 
Tota l  Phosphorous 
Total  Kjeldahl Ni t rogen 
Ammoniacal Nit rogen . (NHrN) 
Residual  C hlorines 
Chlorides 
Sulphides (S .. ) 
Phenolic compounds 
Dissolved oxygen (DO) 
Chemical Oxygen Demand (COD) 
Biochemical Oxygen Demand (BOD) 
(20·C Q 5 day�) 
�w..u ��1 wi;!; ;' 0 
� � ..::.I� 
JIY>j J�j 
3 1 't Jul  1 999 
20/07/99 - 1600 Hr . 
ASTM D 3370 : 1 995 
Brown colour 
1 l i tre la tic bottle 
1) tandard Method for the 
Examination of Water & Wa te 
Water, APHAlAWWAf � EF,  
1 9th Edi tion 
2 Atomic Absor tion S ectrometr. 
20th - 28th Julv 1999 
Results 
8. 1 1  
24 
2250 
1 8  
1 8  
126  
18  
LT 0.0 1  
8 5 1  





Metals (Atomic AbsOJ]J1ion S�ectrometry) 
Copper (Cu) 0.07 
Zinc  (Znl 0.86 
N ickel (Ni) 0. 1 0  
Manganese l.Mn) 0. 1 5  
I ron (Fe) 0.65 
Chromium l.CQ LT 0.0 1  
Lead (Pb) LT 0.0 1  
CadmIum l.Cdl LT 0.0 1 
Sodium (Na)  566 
Aluminium (AI) LT 0.01  
Selenium (St![ LT O.O I  
ArseniC (A�) LT 0.01 
MerculY l!!g) LT 0.01 �Resulb In mglL \\-here appropnate� ND - Not Dele ' 
r e�1 111.:I11ou vanallon one y .�y:'�/ fnnlls lesl IS not accredited b Dubat Mwuci 
Mls�ttO� te d nlY be � 1Il lull and WIth the \\onnen approval of 11 fH ead of  :fleiKi t ry ect i o n  prie( )) 0: For Al H o ty t a nger Labora 
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T E  T R E PO RT 
l E N T  R E N T E C  
S B R  - F lL  T RA T E  
Parameters 
pH at  25·C 
Tota l  Suspended Solid  (TSS) 
(in sUllernatant sam�ll1 
Tota l  Dissolved Solids at 1 80·C (TDS) 
Dissolved Phosphorous 
Total  Pho�horo� 
Total  Kjeldahl Nitrogen 
Ammonical l'Htr�en (NH)-N) 
Residual  chlorine 
Ch lorides 
Sul lhides (S2-) 
Phenolic compounds 
Dissolved oxygen ( DO) 
Chemical Oxygen Demand (COD) 
Biochemical Oxygen Demand (BOD) 
(20·C Ii 5 days) 
for the 
Examination of Water & Waste 
Water, APHAJAWWA/ WEF,  
1 9th Edi tion 
2 Atomic Absor t ion S ectrometn 









LT O. l 
1 560 
1 . 8  




Metals (Atomic Absorption Spectrometry) 
Copper (Cu) 0.06 
Zinc (Zn) 0.35 
Nickel (Ni) 0. 1 3  
Mangane�e (Mo) 0.37 
I ron (Fe) 2.7 
Chromium (Cr) 0. 1 7  
Lead (Pb)  LT 0.01  
Cadmium (Cd) LT 0.0 1  
Sod ium (Na)  1 1 42 
A1umlDium (AI) LT 0.0 1  
Selen ium (Se) LT 0.01 
Arsenic (As) LT 0.01 
Mercurv (Hg) LT 0.0 1  
fu ll  and \-\Jth th!! wntt!!n approval o f  AHS Laboraton!!s. 
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ater i a l s  Consu ltants 
Ll E  T 
TE T R E P O RT 
R E NTEC 
33 1 05 
2883 1 
Rentec Repre entative 
Hent's Description 
1 __ �..':!..rQo_� __ arnpling Quality as u rance I arne & location of California Garden, � _�!.I:l.p.L�d remi e (Gulf Food) JAFZ __ _ 
I P reci e arnpl ing Dis  cbarge collec tion tank Locat ion 
06/1 0/99 
PIa tic bottle 
Clear 
1 )  Standard Method for the 
Examination of Water & 
W aste Water, 
APHAJAWWNW EF, 
20th Edition 
2) Atomic Ab orption 
pectromet r} 
i- D��-,f�';'�- oC�QJ�g __  : 29/0�/9�1�!�9o}irs._���==-__ +-::=-----:-________ -::-::-:::-:-:::-:-_:-::-:--::-:--:-:-__ _ f. _a�1?linX!!l_t:!..ho� _ _ __ : N ot s e�ified Test date 30/09/99 - 05/ 1 0/99 
On-,ite treatment am Ie trans orted in i ce box 
Re u l t  : 
Para m eters 
Colour 
Total KjeldabJ Nitrogen 
Ammonia Nit rogen 
Oi l  and G rease 
Chemical Oxygen Demand 
Biochemical 0_ ygen Demand 
(5 d ays (al 20·C) 
(pt. Co Units) 





1 0  
1 . 2  
L T  0.25 
LT 1.0 
88 
1 2  
Metals (Atomic Absorption Spectrometry) 
I ron (Fe) 
Copper (Cu) 
N ickel (N i) 
Zinc (Zn) 
Chromium (Cr) 
Lead ( P b) 
Silver (A g) 
Alu minium (AI) 
Molybdenum (Mo) 
Manganese (M n) 
Cadmium (Cd) 
ppropnate .��� one � -- I 
2AS 
0.06 
0. 1 7  
0.67 
LT 0.0 1  
L T  0.0 1  
L T  0.0 1  
L T  0.0 1  
LT 0.0 1 
0. 1 3  
LT 0.0 1  
d � Dubai Muruclal tty r-- jf . e  sample teste and shal l 0 b�
L
eprOduced in I with the written 
n� "� 
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� , -'" "'" 
Report No. : 6360 1 R�ort date 
Sample No. : 04308 1 Sample container 
N ame & designation : Rentec Representative in 
of sampl ing offi cer p resence of JAFZA Sample appearance 
Client's Description 
�� \!.b�l ul ...... !i � 




: Plastic bottle 
: Gear with light yellow co 
Sample received on time : 1 500 B rs. 
Purpose of samJ!ling : �u alit)' Assu rance 
Name & location of : Gulf Foods, California 
sampled prem ises Garden 
Precise sampling : Final effluent 
location 
Date & time of sampling : 2 1 10 212000 1 Not given 
Sampling method : D rain pipe 
On-site treatment Sample trans�orted in ice bOI 
Results 
PARAMETERS 
pH at 25·C 
Total Suspended Solids 
Total Dissolved Solids at 1 80·C 
Phosphates 
Ammonia Nitrogen 
Total Kjeldabl Nitrogen 
Chemical Oxygen Demand 
Biochemical Oxygen Demand 
1.S days � 20·e) 
Results in mgIL where appropriate. 








Test method Stan dard Method for the 
Examination of Water & 
Waste Water, 
APHAIA WW AlWEF, 
20th Edition 










This test is not accredited by Dubai Municipality 
This report relates only to the sample tested and shall e roduced in full and with the written approval of AHS 
Laboratories. 
\ ..  ")0 
��. i<�� 
Head of Chemistry Section . 
For Al Hoty Stanger Laboratories 
Irrn Page 1 of 
} o,_! 
� ,  /-# : 
Consultants 
[ 
T E  T RE PO RT 
J T 
Client's De cnption 
RE T Ee 
o �of ampling ___ .....:_JLuali!Y a u rance _ ___ _ 
Ime & location of Cal ifornia Garden Gulf 
. ___ Food , JAFZ 
ludge tank 
1 .t00 Hr . 
PARAMETERS 
Sludge content (°'0 b" weight) 
Oil & G rease (mu/kp) 
Test dates 
METALS (ATOMIC ABSORPTION SPECTROMETRy) 
I ron (Fe) mg/kg 
Copper (Cu) " 
Nickel (Ni) " 
Zinc (Zn) " 
Chromium (Cr) " 
Lead (Pb) " 
Manganese ( M n) " 
Cadmium (Cd) " 
one 







1 1 .03 
1 . 04 




Iud e mixed water 
tandard Method for the 
Examination of Water & 
Wastewater, 
APHAIA WW AlW E F, 
20th Edition 
0.t/03/2000 - 07/0312000 
sample tested and shal l  only be reproduced In full  and with the wntten 
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